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Sec\lon~ 
2 through 
S 
describe 
in 
detail 
the 
func- 
tional characteristics 
of the 8748H and 8749H EPROM. 
8048AHI8049AHI80S0AH 
ROM. 
and 
803SAHLi 
8039AHU8040-AHL 
CPU only single component micro- 
compute~. 
Unless otherwise 
noted. 
details within these 
sections apply to all versions. 
This chapter is limited 
10 
those functions 
useful in single-chip 
implementations 
of 
the MCS',-48. 
The Chapter 
on the Expanded 
MCS~-48 
System discusses 
functions 
which 
allow expansion 
of 
program memory. data memory. and input output 
capa- 
bilit}. 


2.0 ARCHITECTURE 


The following 
sections 
break 
the MCS-48 
Family 
into 
functional blocks and describe each in detail. The follow- 
ing description 
will use the 8048AH as the representative 
product 
for the family. See Figure 
I. 


The arithmetic section of the processor contains the basic 
data manipulation 
functions 
of the 8048AH 
and can be 
divided into the following 
blocks: 


In a typical operation 
data stored in the accumulator 
is 
combined 
in the ALU with data from another source on 
the internal bus (such as a register 
or I/o pon) and the 
result is stored in the accumulator 
or another register. 


The following is more detailed description of the function 
of each block. 


The operation 
code (op code) ponion 
of each program 
instruclion 
is stored in the Instruction 
Decoder and con- 
vened 
to outputs which control 
the function of each of 
the blocks of the Arithmetic 
Section. These lines control 
the source of data and the destination 
register as well as 
the function performed 
in the ALU. 


The ALU accepts 8-bit data words from one or two sources 
and generates an 8-bit result under control of the Instruc- 
tion 
Decoder. 
The 
ALU 
can 
perform 
the 
following 
functions: 


• 
Add With or Without Carry 
• 
AND. OR. Exclusive 
OR 
• 
IncrementJDecrement 
• 
Bit Complement 
• 
Rotate Left. Right 
• 
Swap Nibbles 
• 
BCD Decimal Adjust 


If the operation 
performed 
by the ALU results in a value 
represented 
by more than 8 bits (overflow 
of most sig- 
nificant bit). a Carry 
Flag is set in the Program 
Status 
Word. 


The accumulator 
is the single most imponant 
data register 
in the processor. 
being one of the sources of input to the 
ALU and often the destination 
of the result of operations 
performed 
in the ALU. 
Data to and from I/O pons and 
memory also normally 
passes through the accumulator. 


Resident program memory consists of 1024. 2048. or 4096 
words eight bits wide which are addressed by the program 
counter. In the 8748H and the 8749H this memory is user 
programmable 
and erasable 
EPROM; 
in the 8048AHi 


8049AHi80S0AH 
the memory 
is ROM 
which 
is mask 
programmable 
at the factory. 
The 803SAHU8039AHU 
8040AHL 
has no internal program 
memory 
and is used 
with external 
memory 
devices. 
Program 
code 
is com- 
pletely interchangeable 
among 
the various 
versions. 
To 
access the upper 2K of program memory in the 80S0AH. 
and other MCS-48 devices. 
a select memory bank and a 
JUMP or CALL instruction 
must be executed to cross the 
2K boundary. 


There are three locations 
in Program 
Memory of special 
importance 
as shown 
in Figure 
2. 


LOCATION 
0 
Activating the Reset line of thc processor causes the fi~t 
instruction to be fetched from location 
O. 


LOCATION 
3 
Activating 
the Interrupt 
input 
line of the processor 
(if 
interrupt 
is enabled) 
causes 
a jump to subroutine 
at lo- 


cation 3. 


LOCATION 
7 
A timer/counter 
interrupt 
resulting 
from timer 
counter 
overflow (if enabled) causes a jump to subroutine 
at loca- 
tion 7. 


Therefore. 
the first instruction 
to be executed 
after ini- 


tialization 
is stored 
in location 
O. the first word of an 
external interrupt 
service subroutine 
is stored in location 
3. and the first word of a timer/counter 
service routines 
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REGISTER 
FLAG 1 
0 
8 lEVEL 
STACK 


TIMER 
(VARIABLE 
LENGTHl 
FLAG 
OPTIONAL 
SECOND 
CARRY 
REGISTER 
BANK 


Aee 


Ace 
BIT 
DATA STORE 


TEST 


AESIDENT 
RAM 
ARRAY 


PORT' 
BUS 
BUFFER 


AND 
LATCH 


_. 
€: 


is stored in location 7. Program memory can be used to 
store constants as well 
L< program instructions. 
Instruc- 


tions such as MOVP and MOVP3 allow easy access to 
data "lookup" 
tables. 


LOCATION 
7- 
TIMER 
INTERRUPT 
VECTORS 
PROGRAM 
HEME 


LOCATION 
3- 


EXTERNAL 
INTERRUPT 
VECTORS 
PROGRAM 
HERE 


RESET VECTORS 
PROGRAM 
HERE 


Resident data memory is organized as 64. 128. or 256 by 
8-bits wide in the 8048AH. 
8049AH and 8050AH. 
All 
locations are indirectly addressable through either of two 
RAM Pointer Registers which reside at address 0 and I 
of the register array. In addition. 
as shown in Figure 3. 
the firsl 8 locations (a-7) of the array are designated 
as 
working registers and are directly addressable by several 
instructions. 
Since these registers 
are more easily ad- 
dressed. they are usually used to store frequently accessed 
intermediate results. 
The DJNZ instruction 
makes very 
efficient use of the working registers 
as program 
loop 
counters by allowing the programmer 
to decrement 
and 
test the register in a single instruction. 


By executing a Register Bank Switch instruction 
(SEL 
RB) RAM locations 24-31 are designated as the working 


registers in place of locations a-7 and are then directly 
addressable 
This second bank of working registen. may 
be used as an extension of the firsl bank or reserved for 
use during interrupt service subroutines 
allowing the reg- 
isters of Bank 0 used in the main program to be instantly 
"saved" 
by a Bank Switch. Note that if this second bank 
is not used. locations 24-3 I are still addressable as general 
purpose RAM. Since the two RAM pointer Registers RO 
and R I are a part of the working 
register 
array. 
bank 
switching effectively 
creates two more pointer registers 
(ROland RI/) 
which can be used with RO and RI to easily 


access up to four separate working areas in RAM at one 
time. RAM locations (8-23) also serve a dual role in that 
they contain the program counter stack as explained 
in 
Section 2.6. These locations 
are addressed 
by the Stack 
Pointer during subroutine calls as well as by RAM Pointer 
Registers RO and R I. If the level of subroutine nesting is 
less than 8. all stack registers are not required and can be 
used as general purpose RAM locations. 
Each level of 
subroutine nesting not used provides 
the user with two 
additional RAM locations. 


&3 
(121) 
((255)) 
USER RAM 
32 - I 
(16 - I) 


((224 - I)) 
32 
31 
BANK 
1 
I 
WORKING 
DIRECTLY 
REGISTERS 
ADDRESSABLE 


I-I 
WHEN 
BANK 
1 
-----Rl- 
- 
-- 
IS SELECTED 


24 ----,,0' ---- 
I 
23 


I LEVEL STACK 
ADDRESSED 
OR 
INDIRECTLY 
USER RAM 
THROUGH 
16 - I 
Rl 
OR RO 
(RO OR Rl') 


I 
1 
BANK 
0 
I 
WORKING 
DIRECTLY 
REGISTERS 
ADDRESSABLE 
I-I 
WHEN 
BANK 
0 
-----Rl- 
--- 
IS SELECTED 


0 
--- 
--RO---- 
I 


IN ADDITION 
RO OR Rt (RO' OR Rl') 
MAY BE USED TO ADDRESS 
256 
« 
) 1049AH. 
814IH. 


WORDS 
OF EXTERNAL 
RAM. 
( 
)) I050AH 


• 


VCC 


VCC 


HIGH 
a 
IMPEDANCE 
INTERNAL 
PUllUP 
BUS 
D 


D 
I/O 
FLIP 
PIN 
FLOP 
PORT 1 
lOW 
AND 2 
IMPEDANCE 
PUllDOWN 
ClK 
a 


WRITE 
PULSE 
-=- 


-50 mAr 


l 


MAX 


-5001 


I 


-400, 


I 


-300> 


so mA~ 
BUS, Pl, P2 


30 mAt. 
~YPICAl 


10l 
I ~ 
10mAr~ 


I, 
, 


OV 
2V 
4V 


VOL 


The 8048AH has 27 lines which can be used for input or 
output functions. These lines lII'C grouped as 3 ports of 8 
lines each which serve as either inputs. outputs or bidi- 
rectional 
JlOrtS 
and 3 "test" 
inputs which can alter pro- 


gram 
sequences 
when 
tested 
by conditional 
jump 
instructions. 


Ports 
I and 2 lII'C each 8 bits wide and have identical 
characteristics. 
Data written 
to these ports is statical I}\.. 


latched and remains unchanged 
until rewritten. 
As input 
ports these lines 
lII'C non-latching, 
i.e., 
inputs must be 
present until read by an input instruction. 
Inputs 
lII'C fully 
TTL compatible and outputs will drive one standard TTL 
load. 


The lines of ports I and 2 lII'C called quasi-bidirectional 
because of a special output circuit structure which allows 
each line to serve as an input, and output, or both even 
though 
outputs 
are statically 
latched. 
Figure 
4 shows 
the circuit configuration 
in detail. 
Each line is continu- 
ously 
pulled up to VCC through 
a resistive 
device 
of 
relatively high impedance. 


This pullup is sufficient to provide the source cunent 
for 
a TTL high level yet can be pulled low by a standard TTL 
gate thus allowing the same pin to be used for both input 
and output. To provide fasl switching times in a "0" 
to 


"I" 
transition 
a relatively 
low 
impedance 
device 
is 
switched in momentarily (•••liS of a machine cycle) when- 
ever a "I" 
is written to the line. When a "0" 
is written 


to the line a low impedance 
device overcomes 
the light 
pullup and provides TTL cunenl sinking capability. 
Since 
the pulldown transistor is a low impedance device a "I" 
must first be written to any line which is to be used as an 
input. Reset initializes all lines to the high impedance "I" 
state. 


It is important to note that the ORL and the ANL are read! 
write operations. 
When executed, 
the 1£ "reads" 
the 
port, modifies the data according to the instruction, 
then 


"writes" 
the dala back to the port. The "writing" 
(es- 
sentially an Oun.. 
instruction) enables the low impedance 
pull-up momentarily again even if the data was unchanged 
from a "1." 
This specifically 
applies to configurations 
that have inputs and outputs mixed together on the same 
pon, 
See also section 8 in the Expanded 
MCS-48 System 
chapter. 


BUS 


Bus is also an 8-bit port which is a true bidirectional 
port 


with associated 
input and output strobes. 
If the bidirec- 
tional feature is not needed, 
Bus can serve as either a 


--- 
C" 
---r-' 
r~··· 


Input 
and output 
lines 
on this port 
cannot 
be mixed 
however. 


As a static port, data is written and latched using the Oun.. 
instruction 
and inputted 
using the INS instruction. 
The 
INS and Oun.. 
instructions 
generate 
pulses on the cor- 


responding 
RD and WR output strobe lines; however, 
in 
the static port mode they 
lII'C generally 
not used. 
As a 
bidirectional 
port the MOVX instructions 
lII'C used to read 
and write the port. A write to the port generates 
a pulse 
on the WR ou~ 
line and output 
data is valid at the 
trailing~e 
of WR. A read of the port generales 
a pulse 
on the RD output line and input data must be valid at the 
trailing edge of RD. When not being written or read, the 
BUS lines lII'C in a high impedance 
state. See also sections 
7 and 8 in the Expanded 
MCS-48 
System 
chapter. 


2.5 Teat and INT Inputs 
Three pins serve as inputs and lII'C testable with the con- 
ditional jump 
instruction. 
These 
lII'C TO, n, and INT. 
These pins allow inputs to cause program branches without 
the necessity to load an input port into the accumulator. 
The TO, n, and INT pins have other possible 
functions 
as well. See the pin description 
in Section 
3. 


2.6 
Program Counter and Stack 


The Program Counter is an independent 
counler while the 
Program Counter Stack is implemented 
suing pairs of reg- 
isters in the Data Memo/)' Array. Only 10, II, or 12 bils 
of the Program 
Counter 
lII'C used to address 
the 
1024, 
2048, or 4096 words of on-board program memo/)' of the 
8048AH, 8049AH, or 80S0AH, while the most significant 
bits can be used for external 
Program 
Memo/)' 
felches. 


See Figure 
S. The 
Program 
Counter 
is initialized 
to 
zero by activating 
the Reset line. 


I 
Convlntlon.' 
Progrlm Count., 
• Counl. 
OOOH10 7FFH 
• Ov.rflow. TFFH 10 OOOH 


An interrupt or CALL to a subroutine causes the contents 
of the program counter 
10 be stored in one of the 8 register 
pairs of the Program 
Counler 
Stack as shown in Figure 
6. The pair to be used is delermined 
by a 3-bit Stack 
Pointer which is part of the Program Stalus Word (pSW). 


POIN 


111 


TER 
· 


···········:: 
psw 
· 
PCS-11 
· 
PC4_7 
: 
PCO-3 


Data RAM locations 8-23 are available as stack registers 
and are used to store the Program Counter and 4 bits of 
PSW as shown 
in Figure 
6. The Stack 
Pointer 
when 
initialized to 000 points to RAM locations 8 and 9. The 
first suhroutine 
jump or interrupt results in the program 
counter contents being transferred to locations 8 and 9 of 
the RAM array. The stack pointer is then incremented by 
one to point to locations 
10 and 
11 in anticipation 
of 
another CALL. Nesting of subroutines wihtin subroutines 
can continue up to 8 times without overflowing the stacK. 
It overflow does occur the deepest address stored (loca- 
tions 8 and 9) will be overwritten 
and lost since the stacK 
pointer overflows from I J I to 000. It also underflows from 
000 to Ill. 


The end of a subroutine. 
which is signalled by a return 
In<tructlon (RET or RETR). 
causes the SlaCKPointer to 
b\ decremented 
and the contents of the resulting register 
pair to be transferred 
10 the Program Counter. 


An 8-bn status word which can be loaded to and from the 
accumulator 
exists 
called 
the Program 
Status 
Word 
(PSW). 
Figure 
7 shows the information 
available 
in 


the word. The Program Status Word is actually a collection 
of flip-flops throughout 
the machine which can be read or 
written as a whole. 
The ability to write to PSW allows 
for easy restoration of machine status after a power down 
sequence. 


CY 
CARRY 
AC 
AUXILIARY 
CARRY 
FO 
FLAG 
0 
BS 
REGISTER 
BANK 
SELECT 


The upper four bits of PSW are stored in the Program 
Counter Stack with every call to subroutine or interrupt 
vector and are optionally 
restored 
upon retum with the 
RETR instruction. 
The RET return instruction 
does not 
update PSW. 


Working Register Bank Switch Bit (BS) 
o 
Bank 0 
I = Bank I 


Flag 0 bit (FO) user controlled flag which can 
be complemented 
or cleared. 
and tested with 
the conditional 
jump instruction JFO. 


Auxiliary 
Carry (AC) carry bit generated 
by 
an ADD instruction 
and used by the decimal 
adjust instruction 
DA A. 


Carry (CY) carry flag which indicates thaI the 
previous operation has resulted in overfl"" 
of 
the accumulator. 


The conditional branch logic within the processsor enable' 
several conditions 
internal and external to the processor 
to be tested by the users program. By using the conditional 
jump instruction 
the conditions 
that are listed in Table 
1 can effect a change 
in the sequence 
of the program 
execution. 


Jump 
Conditions 
Device Testable 
(Jump 
On) 


not all 
Accumulator 
All zeros 
zeros 
Accumulator 
Bit 
- 
I 
Carry Flag 
0 
I 
User Flags (FO. FI) 
- 
I 
Timer Overflow Flag 
- 
I 
Test Inputs <TO•..!!) 
0 
I 
Interrupt Input (lNT) 
0 
- 


An interrupt sequence is initiated by applying a low "0" 
level input to the INT pin. Interrupt is level triggered and 
active low to allow "WIRE 
ORing" 
of several interrupt 
sources 
at the input 
pin. Figure 8 shows the interrupt 
logic of the 8048AH. The Interrupt line is sampled every 
instruction 
cycle and when detected 
causes 
a "call 
to 
subroutine" 
at location 3 in program memory as soon as 
all cycles of the current instruction 
are complete. 
On 2- 
cycle instructions the interrupt line is sampled on the 2nd 
cycle only. INT must be held low for at least 3 machine 
cycles to ensure proper interrupt 
operations. 
As in any 
CALL to subroutine. 
the Program Counter and Program 
Status word are saved in the stack. For a description 
of 
this operation see the previous section. Program Counter 
and Stack. Program Memory location 3 usually contains 
an unconditional 
jump to an interrupt service subroutine 
elsewhere 
in program memory. 
The end of an interrupt 
service subroutine is signalled by the execution of a Return 
and Restore Status instruction RETR. The interrupt system 
is single level in that once an interrupt 
is detected 
all 
further interrupt requests are ignored until execution of an 
RETR reenables the interrupt input logic. This occurs at 
the beginning of the second cycle of the RETR instruction. 
This sequence 
holds true also for an internal 
interrupt 
generated by timer overflow. Jf an internal timer/counter 
generated interrupt and an external interrupt are detected 
at the same time. the external source will be recognized. 
See the following Timer/Counter 
section for a description 
of timer interrupt. 
If needed. a second external interrupt 
can be created 
by enabling 
the timer/counter 
interrupt. 
loading 
FFH in the Counter 
(ones 
less than terminal 
count). and enabling the event counter mode. A "I" 
to 
"0" 
transition on the TI input will then cause an interrupt 
vector to location 7. 


The interrupt 
input may be enabled 
or disabled 
under 
Program Control using the EN I and D1S I instructions. 
Interrupts 
are disabled by Reset and remain so until en- 


abled by the users program. 
An interrupt request must be 
removed 
before the RETR instruction 
is executed 
upon 
return from the service 
routine 
otherwise 
the processor 
will re-enter the service routine immediately. 
Many pe- 
ripheral devices 
prevent 
this situation 
by resetting 
their 
interrupt 
request 
line whenever 
the processor 
accesses 
(Reads or Writes) the peripherals 
data buffer register. 
If 
the interrupting 
device 
does 
not require 
access 
by the 
processor. 
one output line of the 8048AH 
may be des- 
ignated as an "interrupt 
acknowledge" 
which is activated 
by the service 
subroutine 
to reset the interrupt 
request. 


The INT pin may also be tested using the conditional jump 
instruction INJ. This instruction may be used to detect the 
presence of a pending interrupt before interrupts 
are en- 
abled. If interrupt 
is left disabled. 
)NT may be used as 
another test input like TO and n. 


The 8048AH contains a counter to aid the user in counting 
external events and generating accurate time delays with- 
out placing a burden on the processor for these functions. 
In both modes the counter operation is the same. the only 
difference 
being the source of the input to the counter. 
The timer/event 
counter 
is shown 
in Figure 
9. 


The 8-bit binary counter is presettable 
and readable with 
two MOV instructions 
which transfer the contents of the 
accumulator 
to the counter 
and vice versa. The counter 
content may be affected by Reset and should be mitialized 
by software. 
The counter is stopped by a Reset or STOP 
TCNT instruction 
and remains stopped until started as a 
timer by a START T instruction 
or as an event counter 
by a START CNT instruction. 
Once started the counter 
will increment to this maximum count (FF) and overflow 
to zero continuing its count until stopped by a STOP TCNT 
instruction 
or Reset. 


The increment 
from maximum 
count to zero (overflow) 
results in the setting of an overflow flag flip-flop and in 
the generation 
of an interrupt 
request. 
The state of the 
overflow flag is testable with the conditional jump instruc- 
tion JTF. The flag is reset by executing a JTF or by Reset. 
The interrupt request is stored in a latch and then ORed 
with the external interrupt input INT. The timer interrupt 
may be enabled or disabled independently 
of external in- 


terrupt by the EN TCNTI 
and D1S TCNTI 
instructions. 


If enabled. 
the counter overflow will cause a subroutine 
call to location 7 where the timer or counter service routine 
may be stored. 


If timer and external interrupts occur simultaneously. 
the 
external source will be recognized and the Call will be to 


JTF 
EXECUTED 
RESET 


TIMER INT 
RECOGNIZEO 
EXECUTED 


DIS TCNTI 
EXECUTED 


RESET 


ALE 
LAST CYCLE 
OF INST. 


DISI 
EXECUTED 
RESET 


TIMER 
OVERFLOW 
FF 


S 
a 


TIMER 
INT 
ENABLE 


R 
a 


0 


INT 
FF 
a 
CLII 


S 
a 


INT 
ENABLE 


R 


INTERRUPT 
CALL 
EXECUTED 


CLR 
EXTERNAL 
o 
a 
INTERRUPT 
RECOGNIZED 


S 
a 


INTERRUPT 
IN 
PROGRESS 
FF 


RESET 


RETR 
EXECUTED 


TIMER 
INTERRUPT 
RECOGNIZED 


1. WHEN INTERRUPT 
IN PROGRESS FLIP-FLOP 
IS SET 
ALL FURTHER INTERRUPTS 
ARE LOCKED OUT 
INOEPENDENT 
OF STATE OF EITHER INTERRUPT 
ENABLE FLIP-FLOP. 


2. WHILE TIMER INTERRUPTS ARE DISABLED 
TIMER 
OVERFLOW III WILL NOT STORE ANY OVERFLOW 
THAT OCCURS. TIMER FLAG WILL BE SET. HOWEVER. 


location 3. Since the limer interrupt is latched it will re- 
main pending until the external device is serviced and 
immediately be recognized upon return from the service 
routine. The pending timer interrupt is reset by the Call 
to location 7 or may be removed 
by executing 
a DIS 
TCNTl 
instruction. 


Execution of a START CNT instruction connects the TI 
input pin to the counter input and enables the counler. 
The Tl input is sampled at the beginning of state 3 or in 
later MCSA8 devices in state time 4. Subsequent high to 
low transitions on Tl will cause the counter to increment. 
TI must be held low for at least I machine cycle to insure 
it won't 
be missed. 
The maximum 
rate at which the 
counter may be incremented is once per three instruction 
cycles (every 5.7 !J.sec when using an 8 MHz crystal)- 
there is no minimum 
frequency. 
Tl input must remain 
high for at least 1/5 machine cycle after each transition. 


Eexcution of a START T instruction connects an internal 
clock to the counter input and enables the counter. The 
internal clock is derived bypassing the basic machine cycle 
clock through a -;-32 prescaler. 
The prescaler 
is reset 
during the START T instruction. The resulting clock in- 
crements the counter every 32 machine cycles. Various 
delays from I to 256 counts can be obtained by preseuing 
the counter and detecting overflow. Times longer than 256 
counts may be achieved by accumulating 
multiple over- 
flows in a register under software control. For time res- 


olution less than I count an external clock can be applied 
to the Tl 
input and the counter 
operated 
in the event 
counter mode. ALE divided by 3 or more can serve as 
this external clock. Very small delays or "fine luning" 
of larger delays can be easily accompltshed 
by software 
delay loops. 


Often a serial link is desirable in an MCS-48 family mem- 
ber. Table 2 lists the timer counts 
and cycles needed 
for a specific baud rate given a crystal frequency. 


2.11 Clock and Timing Circuits 


Timing generation for the 8048AH is completely selfcon- 
tained with the exeception of a frequency reference which 
can be XTAL. ceramic resonator, or external clock source. 
The Clock and Timing circuitry can be divided into the 
following functional blocks. 


The on-board oscillator 
is a high gain parallel resonant 
circuit with a frequency range of I to 11 MHz. The X I 
external pin is the input to the amplifier stage while X2 
is the output. A crystal or ceramic resonator connected 
between X I and X2 provides the feedback and phase shift 
required for oscillation. If an accurate frequency reference 
is not required. 
ceramic resonator may be used in place 
of the crystal. 


For accurate clocking. 
a crystal should be used. An ex- 
ternally generated clock may also be applied to X I-X2 
as the frequency 
source. 
See the data sheet for more 
information. 


• 


Frequency 
Tcy 
TO Prr(1i5 Tcy) 
Timer Prescaler 
(MHz) 
(32 Tcv) 


4 
3.75J.Ls 
750ns 
120J.LS 
6 
2.50J.Ls 
500ns 
80J.Ls 


8 
1.88J.Ls 
375ns 
60.2J.Ls 
11 
1.36J.Ls 
275ns 
43.5J.LS 


Baud 
4 MHz 
6 MHz 
8 MHz 
11 MHz 
Rate 
Timer Counts + 
Timer Counts 
+ 
Timer Counts + 
Timer Counts 
+ 


lnstr. Cycles 
lnstr. Cycles 
Instr. Cycles 
Instr. Cycles 


110 
75 + 24 Cycles 
113 .•. 20 Cycles 
151 + 3 Cycles 
208 + 28 Cycles 


.01% Error 
.01% Error 
.01% Error 
.01% Error 


300 
27 + 24 Cycles 
41 + 21 Cycles 
55 + 13 Cycles 
76 + 18 Cycles. 


.1% Error 
.03% Error 
.01% Error 
.04% Error 


1200 
6 + 30 Cycles 
10 + 13 Cycles 
12 + 27 Cycles 
19 + 4 Cycles 


.1% Error 
.1% Error 
.06% Error 
.12% Error 


1800 
4 + 20 Cycles 
6 + 30 Cycles 
9 + 7 Cycles 
12 + 24 Cycles 


.1% Error 
.1% Error 
.17% Error 
.12% Error 


2400 
3 + 15 Cycles 
5 + 6 Cycles 
6 + 24 Cycles 
9 
T 18 Cycles 


.1% Error 
.4% Error 
.29% Error 
.12% Error 


4800 
1 + 23 Cycles 
2 + 19 Cycles 
3 + 14 Cycles 
4 + 25 Cycles 


1.0% Error 
.4% Error 
.74% Error 
.12% Error 


The output of the oscillator 
IS divided by 3 in the State 


Counter to create a clock which defines the state times of 
the machine (ClK). 
ClK 
can be made available on the 
external pin TO by executing 
an ENTO ClK 
instruction. 


The output of ClK 
on TO is disabled 
by Reset of the 
processor. 


CU': 
is then divided 
by 5 in the Cycle Counter 
to pro- 


\ide a dOlk 
"hi<:h defines 
a machine 
cyde consisting 


of 5 machine 
,tates 
as sholl. n in Figure 
10. Figure 
11 


sho"s 
the different 
internal 
operations 
as di\ided 
into 
the machine 
states. This dock 
is called Address 
latch 


Enable (ALE) 
because 
of its function 
in MCS-48 sys- 
terns" 
ith external 
memory. 
It is prO\ ided continuous- 
ly on the ALE output 
pin. 


The reset input provides a means for initialization 
for the 
processor. ThiS Schmitt-trigger 
input has an internal pull- 


up device which in combination 
with an external 
I J.L I'd 


capacitor 
provides 
an internal 
reset pulse of sufficient 


length to guarantee all circuitry is reset, as shown in Figure 
12. If the reset pulse is generated 
externally 
the RESET 


pin must be held low for at least 10 milliseconds 
after the 


power supply is within tolerance. Only 5 machine cycles 
(6.8 J.Ls@ 11 MHz) are required if power" 
already on 


and the oscillator 
has stabilized. 
ALE and PSEN (if EA 


= I) are active while in Reset. 


5) Sets BUS to high impedance 
state (except 
v. hen 


EA 
= 5V). 


PREVIOUS 
CYCLE 
• I .• 


ITATE 
TIME: 


12 I 
13 I 14 I 15 I 
11 


(02)""T1I 


half of Pon 2. The user can therefore follow the program 
through exh 
of the instruction steps. A timing diagram. 


showing the interaction 
between 
output ALE and input 
55, is shown. The BUS buffer contents 
are lost during 
single step; however. a latch may be added to reestablish 
the lost 110 capability if needed. Data is valid at the leading 
edge of ALE. 


This 
feature, 
as pictured 
in Figure 
13, provides 
the 
user with a debug capability in that the processor can be 
stepped through the program one instruction 
at a time. 


While stopped, 
the address of the next instruction to be 
fetched is available concurrently 
on BUS and the lower 


•• 


_. 
-- ._------ 


CYCLE 1 
CYCLE 2 


INSTRUCTION 
S1 
S2 
S3 
54 
S5 
S1 
S2 
S3 
S4 
S5 
_._-- 
.- ._-_ . ---- - 
---,---" - 
--_.- 
-- 
.- 
- 
- 


INA.P 
FETCH 
INCREMENT 
- 
'INCREMENT 
- 
- 
REAO 
- 
- 
- 
INSTRUCTION 
PROGRAM 
COUNTER 
TIMER 
PORT 
- 
--f-- 
-- 


OUTL P.A 
FETCH 
INCREMENT 
- 
'INCREMENT 
OUTPUT 
- 
- 
- 
- 
- 
INSTRUCTION 
PROGRAM 
COUNTER 
TIMER 
TO PORT 


ANL P. 
OATA 
FETCH 
INCREMENT 
- 
'INCREMENT 
REAO PORT 
FETCH 
- 


INCREMENT 
'OUTPUT 
- 
INSTRUCTION 
PROGRAM 
COUNTER 
TIMER 
IMMEOIATE 
OATA 
PROGRAM 
COUNTER 
TO PORT 


ORL P. 
OATA 
FETCH 
INCREMENT 
- 
'INCREMENT 
REAO PORT 
FETCH 
- 
INCREMENT 
'OUTPUT 
- 
INSTRUCTION 
PROGRAM 
COUNTER 
TIMER 
IMMEOIATE 
OATA 
PROGRAM 
COUNTER 
TO PORT 
f------ 
------ 
f--- --- 
-- ------ 
------ 
----- 
--- 
------ 
- .- 
-- - 
- 


INS A, BUS 
FETCH 
INCREMENT 
- 
INCREMENT 
- 
- 
REAO 
- 
- 
- 
INSTRUCTION 
PROGRAM 
COUNTER 
TIMER 
PORT 
----- 
._------- -------- 
-------- 
------ --- 
- - 
_ .. ._- 
.. 
-- 
._- 
... 
.. 
- 


OUTL BUS, A 
FETCH 
INCREMENT 
- 
INCREMENT 
OUTPUT 
- 
- 
- 
- 
.. 
INSTRUCTION 
~~OGRAM 
COUNTER 
TIMER 
TO PORT 
1------- 
- 
-'--- 
-- - 
~--- 
--"'- 
- 
_. -- 
-- 


ANL BUS, 
OATA 
FETCH 
INCREMENT 
. 
- 
'INCREMENT 
REAO PORT 
FETCH 
- 
INCREMENT 
'OUTPUT 
- 


INSTRUCTION 
PROGRAM 
COUNTER 
TIMER 
~IATEOATA 
1--. 
PROGRAM 
COUNTER 
TO PORT 
-- 
--------- 
--~--- 
- - 
--- 


ORL BUS, 
OATA 
FETCH 
INCREMENT 
'INCREMENT 
REAO PORT 
FETCH 
- 
INCREMENT 
'OUTPUT 
- 
INSTRUCTION 
PROGRAM 
COUNTER 
- 
TIMER 
IMMEOIATE 
OATA 
PROGRAM 
COUNTER 
TO PORT 
1--- ....- 
---- 
--------- 
_. ----- 
--- 
-------- - . - .- --- 
----_ 
.. 
-- ..- 


MOVX@R,A 
FETCH 
INCREMENT 
OUTPUT 
RAM 
INCREMENT 
OUTPUT 
- 
- 
- 
- 
- 
INSTRUCTION 
PROGRAM 
COUNTER 
AOORESS 
TIMER 
OATATO 
RAM 
-- 
--- 
-- - 
- 
--- 


MOVXA,@R 
FETCH 
INCREMENT 
OUTPUT 
RAM 
INCREMENT 
- 
- 
REAO 
- 
- 
- 
INSTRUCTION 
PROGRAM 
COUNTER 
ADDRESS 
TIMER 
DATA 


MOVD A,Pi 
FETCH 
INCREMENT 
OUTPUT 
INCREMENT 
- 
- 
READ P2 
- 
- 
- 
INSTRUCTION 
PROGRAM 
COUNTER 
OPCODE/ADDRESS 
TIMER 
LOWER 
- 
-- 
-- -- ----- 
--- 
-'- 
- 
... 


MOVD PI,A 
FETCH 
INCREMENT 
OUTPUT 
INCREMENT 
OUTPUT 
DATA 
- 
- 
- 
- 
- 
INSTRUCTION 
PROGRAM 
COUNTER 
OPCODE/ADD~ 
TIMER 
TO P2LOWER 
---_. 
-_._--- >-- 
--~- 
---- 


ANLD P,A 
FETCH 
INCREMENT 
OUTPUT 
INCREMENT 
OUTPUT 
- 
- 
- 
- 
- 
INSTRUCTION 
PROGRAM 
COUNTER 
OPCODE/ADDRESS 
TIMER 
DATA 


ORLD P,A 
FETCH 
INCREMENT 
OUTPUT 
INCREMENT 
OUTPUT 
- 
- 
- 
- 
- 
~!RUCTION 
PROGRAM 
COUNTER 
OPCODE/ADDRESS 
TIMER 
DATA .- 
'-- 
- 
----- 
-- 
_. ---. -- 
.. 
- - 
_0_- 


• J(CONDITIONAL) 
FETCH 
INCREMENT 
SAMPLE 
'INCREMENT 
- 
FETCH 
- . 
UPDATE 
- 
- 
INSTRUCTION 
PROGRAM 
COUNTER 
CONDITION 
SAMPLE 
IMMEDIATE 
DATA 
PROGRAM 
COUNTER 
--- 
--- _._---- 
1---- 
---- -- ------- 
---_._- ---- -- 
-- 
-- ---"-- 
_. 
-- 


STRT T 
FETCH 
INCREMENT 
START 
STRT CNT 
INSTRUCTION 
PROGRAM 
COUNTER 
- 
- 
COUNTER 
------ ---- --- 
._-------- 
- 
---- -- ---- 


STOP TCNT 
FETCH 
INCREMENT 
- 
- 
STOP 
INSTRUCTION 
PROGRAM 
COUNTER 
COUNTER 
----- --_. 
.- - 
_._._-- 
._--- 
- 
- 
- 
... 
-- --- -- 
_. 


ENI 
FETCH 
INCREMENT 
- 
ENABLE 
- 


r- 


INSTRUCTION 
PROGRAM 
COUNTER 
- 


INTERRUPT 
·VALID 
INSTRUCTION 
ADDRESSES 
ARE OUTPUT 
--.---- ._- --- 
- 
-- - 
._--_._--- 
- 
... 
AT THIS 
TIME 
IF EXTERNAL 
PROGRAM 
MEMORY 
IS 
DISI 
FETCH 
INCREMENT 
- 


OISABLE 
- 
BEING 
ACCESSED. 
IN5 TAUCTION 
PROGRAM 
COUNTER 
INTERRUPT 
----- 
----- - f----- 
---- 
------ 
------- 
- 
-- 
(1) IN LATER MCS-48 OEVICES T1 IS SAMPLEO IN S4. 


ENTO CLK 
l 
FETCH 
INCREMENT 
ENABLE 
- 
IN~.!_R~~TIO~ 
PROGRAM 
COUNTER 
CLOCK 
'----- 
.- 
--- ----- - 
--------- 
--- -_ .._- 
.. 
.. 


-- 
~c[ 


RESET 
~ r 
TTL 


I) The processor 
is requested 
to stop by applying a low 
level on SS. 


2) The processor responds by stopping during the address 
fetch ponion of the next instruction. 
If a double cycle 
instruction 
is in progress 
when the single step com- 
mand is received, both cycles will be completed before 
stopping. 


3) The processor acknowledges 
it has entered the stopped 
state by raising ALE high. In thIs state (which can be 
maintained indefinitely) the address of the next instruc- 
tion to be fetched 
is present on BUS and the lower 
half of pon 2. 


4) SS is then raised high to bring the processor out of the 
stopped mode allowing it to fetch the next instruction. 
The exit from stop is indicated by the processor bring- 
ing ALE low. 


5) To stop the processor at the next instruction SS must 
be brought low again soon after ALE goes low. If SS 
is left high the processor remains in a "Run" 
mode. 


A diagram 
for implementing 
the single-step 
function of 
the 8748H is shown in Figure 13. Ootype flip-flop 
with 
preset and clear is used to generate SS. In the run mode 
SS is held high by keeping the flip-flop preset (preset has 
precedence 
over the clear input). 
To enter single step, 
preset is removed allowing ALE to bring SS low via the 


clear input. ALE _hould be buffered ,ince the clear input 
of an 5N7474 
IS the equivalent 
uf 3 TTL loads. The 
processor is now in the stopped state. The next instruction 
is initiated by clock.i!!z a .. I., into the flip-flop. This"I" 
will not appear on 5S unless ALE is high removing dear 
from the flip-flop. In response to 55 going high the pro- 
cessor be~s 
an instruction 
fetch which brings ALE low 
resetting 55 through the clear mput and causmg the pro- 
cessor to again enter the stopped state. 


2.14 Power Down Mode 
(8048AH, 
8049AH, 
8050AH, 
8039AHL, 
8035AHL, 
8040AHL) 


Extra circuitry 
has been added to the 8048AH!8049AHI 


8050AH ROM version to allow power to be removed from 
all but the data RAM array for low power standby oper- 
ation. In the power down mode the contents of data RAM 
can be maintained 
while drawing 
typically 
IO'k to 15'k 


of normal operating 
power requirements. 


vcc serves as the 5V supply pin for the bulk of circuitry 
while the Voo pin supplies only the RAM array. In normal 
operation both pins are a 5V while in standby, Vcc i> at 
ground and Voo is maintained 
at its standby value. Ap- 
plying 
Reset to the processor 
through 
the RESET pin 
inhibits 
any access 
to the RAM 
by the processor 
and 
guarantees 
that RAM cannot be inadvenently 
altered as 
power is removed from Vcc. 


A typical 
power down sequence 
(Figure 
14) occurs 
as 
follows: 


I) Imminent power supply failure is detected by user de- 
fined circuitry. 
Signal must be early enough to allow 
8048AH 
to save all necessary 
data before Vcc falls 
below normal operating 
limits. 


2) Power fail signal is used to interrupt 
processor 
and 
vector it to a power fail service routine. 


3) Power fail routine saves all imponant data and machine 
status in the internal data RAM array. Routine may 
also initiate transfer of backup supply to the VOD pin 
and indicate to external circuitry that power fail routine 
is complete. 


4) Reset is applied to guarantee 
data will not be altered 
as the power supply falls out of limits. Reset must be 
held low until Vcc is at ground level. 


Recovery from the Power Down mode can occur as any 
other power-on 
sequence 
with an external capacitor 
on 
the Reset input providing 
the necessary 
delay. 
See the 
previous section on Reset. 
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MOMENTARY 
~ 


PUSHBUTTON 
~ 10K 


I 
F:l,, 


~ 10K 


·5V 


i 
i 


SINGLE 
~ 10K 
STEP 
? 


~~~----~~ 


RUN 


1/27~ 
'474 "1 <J--- ALE 


POWER~ 


SUPPLY 
PROCESSOR 
I 
"--- 


INTERRUPTED 
: 


POWER 
--, 
1 
I 
NORMAL 
SUPPLY 
1__ 
1 
POWER 
ON 


FAIL SIGNAL 
1 
1 
1 
SEQUENCE 


1 
I 
FOLLOWS 
I 
'1_ 
RESET 
L.-: 


'----r---" 
1 


DATA SAVE 
ACCESS 
TO 
ROUTINE 
DATA RAM 
EXECUTEO 
INHIBITED 


Normally the first IK (8048AH), 
2K (8049AH). 
or 4K 
(SOSOAH) words of program 
memory are automatically 
fetched from internal ROM or EPROM. The EA input pin 
however 
allows the user to effectively 
disable 
internal 
program memory by forcing all program memory fetches 
to reference external memory. The following chapter ex- 
plains 
how 
access 
to external 
program 
memory 
is 
accomplished . 


The External Access mode is very useful in system test 
and debug because it allows the user to disable his internal 
applications 
program and substitute an external program 
of his choice - 
a diagnostic 
routine for instance. In ad- 


dition, the date sheet shows how internal program mem- 
ory can be read externally, 
independent of the processor. 


A "I" 
level on EA initiates the external accesss mode. 
For proper operation. 
Reset should be applied while the 
EA input is changed. 


The 8048AH. 8049AH. 
80S0AH has incOlJlOrated a new 
SYNC mode. 
The Sync mode is provided 
to ease the 
design of multiple controller 
circuits by allowing the de- 
signer to force the device into known phase and state time. 
The SYNC mode may also be utilized by automatic test 
equipment 
(ATE) for quick. easy. and efficient synchro- 
nizing between the tester and the DUT (device under test). 


SYNC mode is enabled when SS' pin is raised to high 
voltage level of + 12 volts. To begin synchronization. 
TO 
is raised to S volts at least four clocks cycles after SS'. 
TO must be high for at least four X I clock cycles to fully 


.•.. 
..-- 
_ •.•••••••• 
e- -~~ 
VI 
" 
•.•.••• 
u 
\"1",",1ll. 


cycles later. with the rising edge of X I, the device enters 
into Time State I. Phase I. SS' is then brought down to 
S volts 4 clocks later after TO. RESET' 
is allowed to go 
high S ICY (7S clocks) later for normal execution of code. 
See Figure 
IS. 
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TIME 
STATE 


SS 
1~~----.J 


Ov 


sv 
TO 
OV-------~ 
SV 


RESET 


SINGLE STEP 


EXTERNAL 
MEM 


TEST{ 


INTERRUPT 


The MCS-48 processors are packaged in 40 pin Dual In- 
Line Packages 
(DIP's). 
Table 3 is a summary 
of the 
functions 
of each pin. Figure 
16 is the logic symbol 


for the 8048AH product family. Where it exists. the sec- 
ond paragraph 
describes 
each pin's 
function 
in an ex- 


panded MCS-48 system. Unless otherwise specified. each 
input is TTL compatible 
and each output will drive one 
standard TTL ",~d. 
8048AH 
8049AH 
8OSOAH 
READ 


WRITE 
PROGRAM 
STORE ENABLE 
ADDRESS 
LATCH ENABLE 


intel~ 


Pin 
Number" 
Function 


1'10 1'17 
(Port 
I) 


P2l) 1'27 
(Port 
~) 


DO D7 
(HUS) 


10 
I 


1"1 
J9 


ill 
I> 


-- 
Kl> 
X 


KtSll 
4 


WR 
10 


ALE 
II 


I 
i 


20 
Circuit 
G'D 
potential 


21> 
Programming 
power 
supply; 
21 V during 
program 
for the 8748Hi8749H: 
+ 5V during 
operation 
for 
both 
ROM 
and 
EPROM. 
Low 
power 
standby 
pin 
in 
8048AH 
and 
8049AH/8050AH 
ROM 
versions. 


Main 
po"cr 
~upply; 
+5\' 
during 
operatiun 
and 
during 
K74KH 
and 
X749H 
pro- 
gramming. 


Program 
pulse: 
+ IX\' input 
pin during 
M748H 
8749H 
programming. 
Output 
~trl)be 
for 
824J 
I 0 expander. 


8-bit 
4uasi-bidirectional 
port. 
(I nternal 
Pullup 
= 501\ lI) 


21 24 
J5 
JX 


1'20· 
P2J 
contain 
tbe four 
high 
order 
program 
counter 
bib 
during 
an e\lernal 
pro- 
gram 
memory 
fetch 
and 
sene 
as a 4-bit 
I 0 expander 
hus 
for 
K24.l 


I"rue bidirectional 
pMI 
\\ hich 
can 
be" 
rillen 
or read 
sy nchn,nous!y 
uSIng the m. 


WR 
~trobes. 
rhe 
purt 
can 
al>o 
be ~Iallcally 
latched: 


Cunlains 
the 
X luw urder 
program 
counter 
bits during 
an eXlernal 
program 
mem- 


ury 
felch. 
and 
recei,es 
the addressed 
instruction 
under 
Ihc control 
uf pSE'. 
Also 


contain~ 
the 
addre" 
and 
data 
during 
an 
external 
RA M data 
store 
instruction. 


under 
control 
of ALE. 
RD. 
and 
WR. 


Input 
pin 
te>table 
using 
the 
condilional 
tran~fer 
instructions.! 
1'0 and.l'\ 
1'0. 
10 


can 
be de~ignated 
as a cJl1ck output 
using 
E'TO 
ClK 
instruction. 
1'0 is also 
used 
during 
programming 
and 
sync 
mode. 


Input 
pin 
Ie-table 
u~ing 
the.! 
1"1. and.!' 
II 
instructions. 
Can 
be deSIgnated 
tl,,' 


event 
counter 
input 
using 
the 
STRT 
CNT 
instruction. 
(See 
Section 
2.10). 


Interrupt 
input. 
Initiat6 
an interrupt 
it interrupt 
is enabled. 
Interrupt 
is disahled 
after 
a reset. 
(Acti, 
e 10\\ ) 


Interrupt 
must 
remain 
10\\ I'M at least 
J machine 
cycles 
to cnsure 
proper 
operation. 


Output 
strobe 
acti,aled 
during 
a HL'S 
read. 
Can 
be used 
to enable 
data 
onto 
the 


HtS 
from 
an external 
de' 
ice. (Acti'e 
10") 


L'sed 
as a Read 
Strobc 
to External 
Data 
MemMy. 


Input 
which 
is used 
to initialize 
the processor. 
Also 
used 
during 
EPROM 
programming 
and 
verification. 
(Active 
low) 
(internal 
pullup 
'" 
80K 0) 


Output 
strohc 
during 
a HL'S 
'\rite. 
(!'\l·ti,e 
10\\) 
Lsed 
as \\ ntc 
strobe 
to e\!<Tn,,1 


data 
mcnHH~. 


.·\ddrc\\ 
l.atch 
Enable. 
I his signal'1ceurs 
OI1l'e during 
eadll'\cle 
and 
Is usdul 
as 


a clod 
output. 


II he negati, 
e edge 
of ..\ l. E str"bcs 
address 
into 
C\ ternal 
dat.1 and 
pr\'gram 
menllHY. 


i 


• 


intel~ 


Pin 
Designation 
Number" 
Function 
-- 
Pro!!ram Storc Enable. Thi, output 
occurs onl~ durin!! a fetch to e,ternal 
program 
PSI:\; 
9 
memory. 
(Acti\c 
10") 
- 
5 
Single step input can be used in conjunction 
\\ ith Al.E to ",ingk 
,tep"the 
proee'''H 
SS 
through 
each in'lruction. 
(Acti\c 
10\\ I (Internal 
pullup = 300Kll) 
+ 12\' lor,~ 
Ill" 


modes 
(See 2.16). 


EA 
7 
I:\ternal 
Aece" 
input \\ hich lorees all pro!!ram 
memor~ 
felchc, 
to rekrence 
e\- 


lernal 
memor~. 
Useful for emulation 
and debug. and e"ential 
for Ic,tlng and pro- 


!!ram \erifieation. 
(Acti\e 
higb) .12\' 
lor H04HAH l1049AH 
X050AH 
prog.ram 


verification 
and .1 HV for H74HH 11749H program 
verification 
(Internal 
pullup = 


IOMll on H04HAH H04lJAH H035AH l. HOJ9AHl. 
H050AH 
H040AH I.l 


XIAll 
2 
One side of cnslal 
inpul for internal'hcillalor. 
Abo input tOI ('\lernal 
,ourel'. 


.\TA1.2 
3 
Ot her ,ide of cr~ sIal e'lernal 
,ourcc 
,nput. 


4.0 
PROGRAMMING, 
VERIFYING 
AND 


ERASING EPROM 


8748H AND 8749H ERASURE 
CHARACTERISTICS 


The internal 
Program 
Memory 
of the 8748H 
and the 
8749H may be erased and reprogrammed 
by the user as 
explained 
in the following 
sections. 
See also the 8748H 
and 8749H data sheets. 


The erasure characteristics 
of the 8748H and 8749H are 


such that erasure begins to occur when exposed 
10 light 
with wavelengths 
shorter than approximately 
4000 Angs- 


Iroms fA). It should be noted that sunlight and certaon 
types 
of 
fluorescent 
lamps 
have 
wavelengths 
in the 


3000-4000A 
range. Data sho" 
that constant exposure to 


room level fluorescent 
lighting 
could erase the typical 
8748H and 8749H in approximately 
3 years while it would 


take approximately 
I week to cause erasure when exposed 
to direct sunlight. If the 8748H or 8749H is to be exposed 
to these types of lighting conditions 
for extended periods 


of lime. opaque labels should be placed over the 8748H 
window to prevent unintentional 
erasure. 


In brief. the programming 
process consists of: activating 
the program mode. applying an address. 
latching the ad- 
dress, applying data. and applying a programming 
pulse. 
This programming 
algorithm 
applies to both the 8748H 
and 8749H. Each word is programmed 
completely before 
moving on to the next and is followed by a verification 
step. The following is a list of the pins used for program- 
ming and a descsription 
of their functions: 


Pin 
XTAL 1 
Reset 
Test 0 


EA 
BUS 


P20-1 
P20-2 
Voo 
PROG 
PIO-PII 


Function 
Clock Input (3 to 4 MHz) 
Initialization 
and Address Latching 
Selection of Program fOV) or Verify 
(SV) Mode 
Activation 
of ProgramlVerify 
Modes 
Address and Data Input Data Output 
During Verify 
Address Input for 8748H 
Address Input for 8749H 
Programming 
Power Supply 


Program Pulse Inpul 
Tied to ground (8749H only I 


When erased. bits of the 8748H and 8749H Program Mem- 
ory are in Ihe logic "0" 
state. 


The recommended 
erasure procedure 
for the 8748H and 


8749H is exposure 
to shortwave 
ultraviolet 
light" 
hich 


has a wavelength 
of 2537 Angstroms fA). The integrated 


dose fi.e .. UV intensity 
X exposure 
time) for erasure 


should be a minimum of 15W-sec/cm:. 
The erasure time 


with this dosage is approximately 
15 to 20 minutes using 


an ultraviolet 
lamp with a 12000p.W/cm: 
power rating. 


The 8748H and 8749H should be placed within one inch 
from the lamp tubes during erasure. 
Some lamps have a 


filter in their tubes and this filter should be removed before 
erasure. 


• +_1 
I 


18V 
/ 
EA 5V 
PROGRAM 


---tTW--1 


TO 


--tww-- 


RESET 


lAW 
tWA 


OBO-OB7J-- 
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_ 


-18------ 
tOW~L- 
Htwo 


PROG :~ 
./ 
'J..._l- 
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8243 
MCS®-48 INPUT IOUTPUT 
EXPANDER 


PSG 
Vcc 


P40 
PS1 


PORT 5 
•••1 
PS2 
~ 
P53 


PORT 2 
PI43 
NO 
~ 
P61 


PROG 
P82 


P23 
P63 


PORT6 
P22 
P73 


P21 
P72 


P20 
P71 


GND 
P70 


270161-2 


PORT1 
Figure 2. 8243 Pin 
Configuration 


Symbol 
Pin No. 
Function 


PROG 
7 
Clock Input. A high to low transition 
on PROG signifies that address 
and control 
are available 
on P20-P23, 
and a low to high transition 
signifies that data is available 
on P20-P23. 


CS 
6 
Chip Select Input. A high on CS inhibits any change 
of output or 
internal status. 


P20-P23 
11-8 
Four (4) bit bi-directional 
port contains 
the address and control 
bits on 
a high to low transition 
of PROG. During a low to high transition, 
P2 
contains 
the data for a selected 
output port if a write operation, 
or the 
data from a selected 
port before the low to high transition 
if a read 
operation. 


GND 
12 
OV supply. 


P40-P43 
2-5 
Four (4) bit bi-directionall/O 
ports. 


P50-P53 
1,23-21 
May be programmed 
to be input (during read), low impedance 
latched 
P60-P63 
20-17 
output (after write), or a tri-state 
(after read). Data on pins P20-P23 


P70-P73 
13-16 
may be directly written, ANDed or ORed with previous 
data. 


Vcc 
24 
+5V 
supply. 


General Operation 


The 8243 contains 
four 4-bit I/O ports which 
serve 
as an 
extension 
of 
the 
on-chip 
I/O 
and 
are 
ad- 


dressed 
as Ports 4-7. 
The following 
operations 
may 
be performed 
on these ports: 


• 
Transfer 
Accumulator 
to Port. 


• 
Transfer 
Port to Accumulator. 


• 
AND Accumulator 
to Port. 


• 
OR Accumulator 
to Port. 


All communication 
between 
the 8048 and the 8243 
occurs 
over Port 2 (P20-P23) 
with timing 
provided 
by an output 
pulse on the PROG pin of the proces- 
sor. Each transfer 
consists 
of two 4-bit nibbles: 


The first containing 
the "op code" 
and port address 
and the second 
containing 
the actual 4-bits of data. 
A high to low transition 
of the PROG line indicates 
that address 
is present 
while a low to high transition 


indicates 
the 
presence 
of data. 
Additional 
8243's 


may be added 
to the 
4-bit 
bus and chip 
selected 
using 
additional 
output 
lines 
from 
the 
8048/8748/8035. 


Initial application 
of power 
to the device 
forces 
in- 


put/ output 
Ports 4, 5, 6, and 7 to the tri-state 
and 
Port 2 to the 
input 
mode. 
The 
PROG 
pin may be 


either 
high or low when 
power 
is applied. 
The first 
high to low transition 
of PROG causes 
the device to 
exit power on mode. The power on sequence 
is ini- 


tiated 
if Vcc 
drops below 
1V. 


P21 
P20 A~::;:S P23 
P22 


Port 4 
Port 5 
Port 6 
Port 7 


Instruction 
Code 


Read 
Write 
ORLD 
ANLD 


The device 
has three 
write 
modes. 
MOVD 
Pi, A di- 
rectly writes new data into the selected 
port and old 
data is lost. ORLD Pi, A takes new data, OR's it with 
the old data and then writes it to the port. ANLD 
Pi, 


A takes 
new data, 
AND's 
it with the old data and 
then writes 
it to the port. Operation 
code 
and port 
address are latched from the input Port 2 on the high 
to low transition 
of the PROG pin. On the low to high 
transition 
of PROG data on Port 2 is transferred 
to 
the logic block of the specified 
output 
port. 


After the logic manipulation 
is performed, 
the data is 
latched 
and outputed. 
The old data remains 
latched 
until new valid outputs 
are entered. 


The device 
has one read mode. The operation 
code 
and port address 
are latched 
from the input Port 2 


•• 


oev~vu, 
Ul 
.••• 
'""•••.•••.1..., 
•••.11'-"' 
.••••••• 
U, 
••.•U, 
•.••.••• 
.., 
u ••.••. 
'-" •.•••••••••••..•••••••• 
the input buffers 
switched 
on. The read operation 
is 
terminated 
by a low to high transition 
of the PROG 
pin. The 
port 
(4, 5, 6 or 7) that 
was 
selected 
is 
switched 
to the tri-stated 
mode 
while 
Port 2 is re- 
turned 
to the input mode. 


Ambient 
Temperature 
Under Bias 
O°C to 70°C 


Storage Temperature 
- 65°C to + 150°C 


Voltage 
on Any Pin 
with Respect 
to Ground 
- 0.5V to + 7V 


Power Dissipation 
1 Watt 


_._ 
.._..,..._..._.. ._.._..... 
'"_...ini._t 
nored; 
all following 
reads are valid. This is to allow 
the external 
driver on the port to settle after the first 
read 
instruction 
removes 
the 
low impedance 
drive 
from the 8243 output. 
A read of any port will leave 
that port in a high impedance 
state. 


NOTICE: This data sheet contains preliminary 
infor- 
mation on new products in production. 
It is valid for 
the devices 
indicated 
in the 
revision 
history. 
The 
specifications 
are subject to change without notice. 


* WARNING: Stressing the device beyond the "Absolute 
Maximum 
Ratings" 
may 
cause permanent 
damage. 


These are stress ratings 
only. Operation 
beyond 
the 
"Operating 
Conditions" 
is not recommended 
and ex- 


tended 
exposure 
beyond 
the 
"Operating 
Conditions" 


may affect device reliability. 


Symbol 
Parameter 
Min 
Typ 
Max 
Units 
Test 
Conditions 


VIL 
Input Low Voltage 
-0.5 
0.8 
V 


VIH 
Input High Voltage 
2.0 
Vee + 0.5 
V 


VOL1 
Output Low Voltage 
Ports 4-7 
0.45 
V 
IOL = 4.5 mA* 


VOl2 
Output Low Voltage 
Port 7 
1 
V 
IOL = 20mA 


VOH1 
Output High Voltage 
Ports 4-7 
2.4 
V 
IOH = 240/LA 


11L1 
Input Leakage 
Ports 4-7 
-10 
20 
/LA 
Vin = Vee to OV 


IIL2 
Input Leakage 
Port 2, CS, PROG 
-10 
10 
/LA 
Vin = Vee to OV 


VOL3 
Output 
Low Voltage 
Port 2 
0.45 
V 
tOL = 0.6mA 


Ice 
Vee Supply Current 
10 
20 
mA 
(Note 1) 


VOH2 
Output Voltage 
Port 2 
2.4 
IOH = 100 /LA 


IOL 
Sum of All IOL From 16 Outputs 
72 
mA 
4.5 mA Each Pin 


Symbol 
Parameter 
Min 
Max 
Units 
Test Conditions 


tA 
Code Valid before PROG 
50 
ns 
80 pF Load 


ts 
Code Valid after PROG 
60 
ns 
20 pF Load 


tc 
Data Valid before PROG 
200 
ns 
80 pF Load 


tD 
Data Valid after PROG 
20 
ns 
20 pF Load 


tH 
Floating after PROG 
0 
150 
ns 
20 pF Load 


tK 
PROG Negative 
Pulse Width 
700 
ns 


tcs 
CS Valid before/after 
PROG 
50 
ns 


tpo 
Ports 4-7 Valid after PROG 
700 
ns 
100 pF Load 


tLP1 
Ports 4- 7 Valid before/ after PROG 
100 
ns 


tACC 
Port 2 Valid after PROG 
650 
ns 
80 pF Load 


NOTE: 
1. Icc 
(- 
40·C to 85·C EXPRESS 
options) 
15 mA typical/25 
mA maximum . 


.~===X::> ",m,m. <::x__ 


270161-3 
A.C. Testing: 
Inputs 
are driven 
at 2.4V tor a Logic "1" 
and 0.45V tor a Logic 
"0". 
Output 
timing 
measurements 
are made 
at 2.0V for Logic "1" 
and 0.8V 
for a Logic 
"0". 
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PORT 
2 
FLOAT 
FLOAT 


PORT 
2 


,.,,~ 
~'x 
OUTPUT 
VALID 


IpO 


POATS 
4-7 
PREVIOUS 
OUTPUT 
VALID 
OUTPUT 


VALID 


t,P 
- 
',p 


PORTS"" 
INPUT 
VALID 
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GUARANTEED 
WORST CASE 
CURRENT SINKING CAPABiliTIES 
OF ANY 110 PORT PIN VI. TOTAL 
SINK CURRENT OF All 
PINS 


Sink Capability 


The 8243 can sink 5 mA 
@ 0.45V on each of its 16 
I/O 
lines 
simultaneously. 
If, however, 
all lines 
are 
not sinking 
simultaneously 
or all lines are not fully 
loaded, 
the drive capability 
of any individual 
line in- 
creases 
as is shown 
by the accompanying 
curve. 


For example, 
if only 
5 of the 
16 lines are to sink 
current 
at one time, the curve 
shows 
that 
each 
of 
those 
5 lines is capable 
of sinking 9 mA 
@ 0.45V (if 
any lines 
are to sink 9 mA the total 
IOl 
must 
not 
exceed 
45 mA or five,9 
mA loads). 


Example: 
How 
many 
pins 
can 
drive 
5 TIL 
loads 
(1.6 mAl assuming 
remaining 
pins are un- 
loaded? 


IOl = 5 x 1.6 mA = 8 mA 


dOL = 60 mA from curve 
# pins = 60 mA -;- 8 mA/pin 
= 7.5 = 7 


In this case, 
7 lines can sink 8 mA for a 
total of 56 mA. This leaves 4 mA sink cur- 
rent capability 
which can be divided in any 
way among 
the remaining 
8 I/O 
lines of 
the 8243. 


NOTE: 
A 10 to 
50 
K.fl. pullup 
resistor 
to + 5V should 
be 
added 
to 8243 
outputs 
when 
driving 
to 5V CMOS 
directly. 


Example: 
This example 
shows 
how the 
use of the 
20 mA sink capability 
of Port 7 affects 
the 
sinking capability 
of the other 
I/O lines. 


An 
8243 
will 
drive 
the 
following 
loads 
simultaneously. 


2 loads-20 
mA 
@ 1V (Port 7 only) 


8 10ads-4 
mA 
@ 0.45V 


6 loads-3.2 
mA 
@ 0.45V 


Is this within the specified 
limits? 


dOL = (2 x 20) + (8 x 4) + (6 x 3.2) 
= 91.2mA. 


From the curve: for IOl = 4 mA, flOl 
"'" 
93 mA. Since 91.2 mA < 93 mA the loads 
are within 
specified 
limits. 


Although 
the 20 mA 
@ 1V loads are used 
in calculating 
flOl, 
it is the largest 
current 
required 
@ 0.45V 
which 
determines 
the 
maximum 
allowable 
dOL. 
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20 
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PROG 
PROG 


TEST 
P5 


8048 
INPUTS 
8243 


P6 


P2O·P23 
DATA 
IN 
P2 
P7 


PROG 
~ 
/ 
BITS 3,2 


00 I READ 
01 
WRITE 
10 
OR 
11 
AND 


BITS 1,0 


00 I 
01 
PORT 
10 
ADDRESS 


11 
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X 
)- 


P8748H/P8749H 
8048AH/8035AHL/8049AH/8039AHL/8050AH/8040AHL 
HMOS SINGLE-COMPONENT 
8-BIT 
MICROCONTROLLER 


• 
Programmable 
ROMs Using 21V 


• 
Easily Expandable 
Memory 
and I/O 


• 
Up to 1.36 JLsInstruction 
Cycle All 
Instructions 
1 or 2 Cycles 


• 
High Performance 
HMOS II 


• 
Interval 
Time/Event 
Counter 


• 
Two Single Level Interrupts 


• 
Single S-Volt Supply 


• 
Over 96 Instructions; 
90% Single Byte 


The Intel MCS@-48 family are totally 
self-sufficient, 
8-bit parallel 
computers 
fabricated 
on single silicon 
chips 
using Intel's 
advanced 
N-channel 
silicon gate HMOS process. 


The family 
contains 
27 I/O 
lines, an 8-bit timer/counter, 
and on-board 
oscillator/clock 
circuits. 
For systems 


that require extra capability, 
the family can be expanded 
using MCS@-80/MCS@-85 
peripherals. 


These 
microcontrollers 
are available 
in both masked 
ROM and ROM less versions 
as well as a new version, 


The Programmable 
ROM. The Programmable 
ROM provides 
the user with the capability 
of a masked 
ROM 
while providing 
the flexibility 
of a device that can be programmed 
at the time of requirement 
and to the desired 
data. Programmable 
ROM's 
allow the user to lower inventory 
levels while at the same time decreasing 
delay 
times and code risks. 


These 
microcomputers 
are designed 
to be efficient 
controllers 
as well as arithmetic 
processors. 
They have 
extensive 
bit handling 
capability 
as well 
as facilities 
for both 
binary 
and 
BCD 
arithmetic. 
Efficient 
use of 


program 
memory 
results from an instruction 
set consisting 
of mostly 
single 
byte instructions 
and no instruc- 


tions over 2 bytes in length. 


Device 
Internal 
Memory 
RAM STANDBY 


8050AH 
4Kx8 
ROM 
256x8 
RAM 
yes 


8049AH 
2Kx8 
ROM 
128x8 
RAM 
yes 


8048AH 
1Kx8 
ROM 
64 x8 RAM 
yes 


8040AHL 
None 
256x8 
RAM 
yes 


8039AHL 
None 
128 x8 RAM 
yes 


8035AHL 
None 
64 x8 RAM 
yes 


P8749H 
2K x 8 Programmable 
ROM 
128x8 
RAM 
no 


P8748H 
1K x 8 Programmable 
ROM 
64x8 
RAM 
no 


TO 
XTAl1 
XTAl2 


RESET 
SS 
INT 
EA 
iifi 
PSEN 
>VA 
ALE 
080 
08, 
082 
083 
08, 


D8S 
086 
087 


VSS 


It; ~ ~ 
0 
~ •• 
on 
IVI 
~ 
~ ~~~~ ;:: ~~~ 


'" 
'" 
>< 


6 
5 , 3 
2 
1 , .•. 43 42 41 40 


iHT 
7 
• 
39 
P2 .• 


EA 
8 
38 
Pl.] 


RD 
9 
80.(9AH/8039AHL 
37 
P1.6 


PSEN 
10 
8050AH/8040AHl 
36 
P1.5 


WR 
11 
•• 
- PIN 
35 
P1.4 


NC 
12 
PlCC 
34 
NC 


ALE 
13 
33 
P1.3 


D8D 
14 
32 
P1.2 


D61 
15 
Top View 
31 
PL1 


D82 
16 
LookIng 
down 
on PC Boord 
3D 
PLO 


D83 
17 
29 
VDD 


Symbol 
Pin 
Function 
Device 
No. 


VSS 
20 
Circuit GND potential. 
All 


VDD 
26 
+ 5V during normal operation. 
All 


Low power standby pin. 
8048AH 
8035AHL 
8049AH 
8039AHL 
8050AH 
8040AHL 


Programming 
power supply (+ 21 V). 
P8748H 
P8749H 


Vcc 
40 
Main power supply; + 5V during operation 
and programming. 
All 


PROG 
25 
Output strobe for 8243 I/O expander. 
All 


Program pulse (+ 18V) input pin During Programming. 
P8748H 
P8749H 


P10-P17 
27-34 
8-bit quasi-bidirectional 
port. 
All 
Port 1 


P20-P23 
21-24 
8-bit quasi-bidirectional 
port. P20-P23 
contain the four high order 
All 
P24-P27 
35-38 
program 
counter 
bits during an external 
program 
memory fetch and 
Port 2 
serve as a 4-bit I/O expander 
bus for 8243. 


DBO-DB7 
12-19 
True bidirectional 
port which can be written or read synchronously 
All 
BUS 
using the RD, WR strobes. The port can also be statically 
latched. 
Contains 
the 8 low order program 
counter 
bits during an external 
program 
memory fetch, and receives 
the addressed 
instruction 
under 
the control 
of PSEN. Also contains 
the address and data during an 
external 
RAM data store instruction, 
under control 
of ALE, RD, and 
WR. 


TO 
1 
Input pin testable 
using the conditional 
transfer 
instruction 
JTO and 
All 
JNTO. TO can be designated 
as a clock output using ENTO CLK 
instruction. 


Used during programming. 
P8748H 
P8749H 


Symbol 
Pin 
Function 
Device 
No. 


T1 
39 
Input pin testable 
using the JT1, and JNT1 instructions. 
Can be 
All 
designated 
the timer/counter 
input using the STRT CNT instruction. 


INT 
6 
Interrupt 
input. Initiates an interrupt 
if interrupt 
is enabled. 
Interrupt 
is 
All 
disabled 
after a reset. Also testable 
with conditional 
jump instruction. 
(Active low) interrupt 
must remain low for at least 3 machine 
cycles for 
proper operation. 


RD 
8 
Output strobe activated 
during a BUS read. Can be used to enable 
All 
data onto the bus from an external 
device. 
Used as a read strobe to external data memory. 
(Active low) 


RESET 
4 
Input which is used to initialize the processor. 
(Active low) (Non TIL 
All 
VIH) 


Used during power down. 
8048AH 
8035AHL 
8049AH 
8039AHL 
8050AH 
8040AHL 


Used during programming. 
P8748H 
P8749H 


Used during ROM verification. 
8048AH 
P8748H 
8049AH 
P8749H 
8050AH 


WR 
10 
Output strobe during a bus write. (Active low) 
All 
Used as write strobe to external 
data memory. 


ALE 
11 
Address 
latch enable. This signal occurs once during each cycle and is 
All 
useful as a clock output. 
The negative 
edge of ALE strobes address 
into external 
data and 
program 
memory. 


PSEN 
9 
Program store enable. This output occurs only during a fetch to 
All 
external 
program 
memory. 
(Active low) 


SS 
5 
Single step input can be used in conjunction 
with ALE to "single 
step" 
All 
the processor 
through 
each instruction. 


(Active low) Used in sync mode. 
8048AH 
8035AHL 
8049AH 
8039AHL 
8050AH 
8040AHL 


EA 
7 
External access input which forces all program 
memory fetches 
to 
All 
reference 
external 
memory. 
Useful for emulation 
and debug. (Active 
high) 


Used during (18V) programming. 
P8748H 
P8749H 


Used during ROM verification 
(12V). 
8048AH 
8049AH 
8050AH 


XTAL 1 
2 
One side of crystal input for internal oscillator. 
Also input for external 
All 
source. (Non TIL 
VIH) 


XTAL2 
3 
Other side of crystal input. 
All 


• 


Accumulator 


Mnemonic 
Description 
Bytes Cycles 


ADD A, R 
Add register to A 
1 
1 
ADD A, @R 
Add data memory 
1 
1 
toA 
ADDA, 
#data 
Add immediate 
to A 
2 
2 
ADDCA, 
R 
Add register with 
1 
1 
carry 
ADDCA, 
@R 
Add data memory 
1 
1 
with carry 
ADDC A, #data 
Add immediate 
with 
2 
2 
carry 
ANLA, 
R 
And register to A 
1 
1 
ANLA, 
@R 
And data memory 
1 
1 
toA 
ANLA, 
#data 
And immediate 
to A 
2 
2 
ORLA, 
R 
Or register to A 
1 
1 
ORLA, 
@R 
Or data memory 
1 
1 
to A 
ORLA, 
#data 
Or immediate 
to A 
2 
2 
XRLA, 
R 
Exclusive 
or register 
1 
1 
toA 
XRLA, 
@R 
Exclusive 
or data 
1 
1 
memory to A 
XRLA, 
#data 
Exclusive 
or 
2 
2 
immediate 
to A 
INCA 
IncrementA 
1 
1 
DECA 
Decrement 
A 
1 
1 
CLRA 
Clear A 
1 
1 
CPLA 
Complement 
A 
1 
1 
DAA 
Decimal adjust A 
1 
1 
SWAP A 
Swap nibbles of A 
1 
1 
RLA 
Rotate A left 
1 
1 
RLCA 
Rotate A left 
1 
1 
through carry 
RRA 
Rotate A right 
1 
1 
RRGA 
Rotate A right 
1 
1 
through carry 


Input/Output 


Mnemonic 
Description 
Bytes Cycles 


INA, 
P 
Input port to A 
1 
2 
OUTLP, 
A 
Output A to port 
1 
2 
ANL P, #data 
And immediate 
to 
2 
2 
port 
ORL P, #data 
Or immediate 
to 
2 
2 
port 
INSA, 
BUS 
Input BUS to A 
1 
2 
OUTLBUS, 
A 
Output A to BUS 
1 
2 
ANL BUS, #data 
And immediate 
to 
2 
2 
BUS 
ORL BUS, # data Or immediate 
to 
2 
2 
BUS 
MOVDA, 
P 
Input expander 
port 
2 
toA 
MOVD P,A 
Output A to 
2 
expander 
port 
ANLD P,A 
And A to expander 
2 
port 
ORLD P,A 
Or A to expander 
2 
port 


Registers 


Mnemonic 


INCR 
INC@R 
DECR 


Description 


Increment 
register 
Increment 
data memory 
Decrement 
register 


Bytes 
Cycles 


1 
1 
1 
1 
1 
1 


Branch 


Mnemonic 
Description 
Bytes 
Cycles 


JMP addr 
Jump unconditional 
2 
2 
JMPP@A 
Jump indirect 
1 
2 
DJNZ R, addr 
Decrement 
register 
2 
2 
and skip 
JC addr 
Jump on carry = 1 
2 
2 
JNC addr 
Jump on carry = 0 
2 
2 
JZ addr 
Jump on A zero 
2 
2 
JNZ addr 
Jump on A not zero 
2 
2 
JTO addr 
Jump on TO = 1 
2 
2 
JNTO addr 
Jump on TO = 0 
2 
2 
JT1 addr 
Jump on T1 = 1 
2 
2 
JNT1 addr 
Jump on T1 = 0 
2 
2 
JFO addr 
Jump on FO = 1 
2 
2 
JF1 addr 
Jump on F1 = 1 
2 
2 
JTF addr 
Jump on timer flag 
2 
2 
JNI addr 
Jump on INT = 0 
2 
2 
JBb addr 
Jump on accumulator 
2 
2 
bit 


Mnemonic 
Description 
Bytes 
Cycles 


CALL addr 
Jump to subroutine 
2 
2 
RET 
Return 
1 
2 
RETR 
Return and restore 
1 
2 
status 


Flags 


Mnemonic 
Description 
Bytes 
Cycles 


CLRC 
Clear carry 
1 
1 
CPLC 
Complement 
carry 
1 
1 
CLR FO 
Clear flag 0 
1 
1 
CPL FO 
Complement 
flag 0 
1 
1 
CLR F1 
Clear flag 1 
1 
1 
CPL F1 
Complement 
flag 1 
1 
1 


Data Moves 


Mnemonic 
Description 
Bytes Cycles 


MOVA, 
R 
Move register to A 
1 
1 
MOVA,@R 
Move data memory 
1 
1 
toA 
MOV A, #data 
Move immediate 
to 
2 
2 
A 
MOVR,A 
Move A to register 
1 
1 
MOV@R,A 
Move A to data 
1 
1 
memory 
MOV R. #data 
Move immediate 
to 
2 
2 
register 
MOV @R, #data 
Move immediate 
to 
2 
2 
data memory 
MOVA, 
PSW 
Move PSWtoA 
1 
1 
MOVPSW,A 
Move A to PSW 
1 
1 
XCH A, R 
Exchange 
A and 
1 
1 
register 
XCH A, @R 
Exchange 
A and 
1 
1 
data memory 
XCHDA, 
@R 
Exchange 
nibble of 
1 
1 
A and data memory 
MOVXA.@R 
Move external 
data 
1 
2 
memory to A 
MOVX@R,A 
Move A to external 
1 
2 
data memory 
MOVPA,@A 
Move to A from 
1 
2 
current page 
MOVP3 A, @A 
Move to A from 
1 
2 
page 3 


Mnemonic 


MOVA, 
T 
MOVT.A 
STRTT 
STRTCNT 
STOP TCNT 
EN TCNTI 


Description 
Bytes 
Cycles 


Read timer/counter 
1 
1 
Load timer/counter 
1 
1 
Start timer 
1 
1 
Start counter 
1 
1 
Stop timer/counter 
1 
1 
Enable timer/ 
1 
1 


counter 
interrupt 
• 
Disable timer / 
counter 
interrupt 


Control 


Mnemonic 
Description 
Bytes 
Cycles 


ENI 
Enable external 
1 
1 
interrupt 
DISI 
Disable external 
1 
1 
interrupt 
SEL RBO 
Select register bank 0 
1 
1 
SEL RB1 
Select register bank 1 
1 
1 
SEL MBO 
Select memory bank 0 
1 
1 
SEL MB1 
Select memory bank 1 
1 
1 
ENTOCLK 
Enable clock output 
1 
1 
on TO 


Mnemonic 


NOP 


Description 


No operation 


Bytes 


1 


Cycles 


1 


Case Temperature 
Under Bias 
O°C to + 70°C 


Storage Temperature 
- 65°C to + 150°C 


Voltage 
on any Pin with Respect 
to Ground 
-0.5V 
to + 7V 


Power Dissipation 
1.5W 


I ""dUUII~ ClIO ~UUjt""'~ l.V ""llall~'C 
YVILIIVUL 
"VLlwC'.- 
• 
I 


• WARNING: Stressing the device beyond the "Absolute 
Maximum 
Ratings" 
may 
cause 
permanent 
damage. 
These are stress ratings 
only. Operation 
beyond 
the 
"Operating 
Conditions" 
is not recommended 
and ex- 
tended 
exposure 
beyond 
the 
"Operating 
Conditions" 


may affect device reliability. 


Symbol 
Parameter 
Limits 
Unit 
Test Conditions 
Device 
Mln 
Typ 
Max 


VIL 
Input Low Voltage 
(All 
-0.5 
0.8 
V 
All 
Except RESET, X1, X2) 


VIL1 
Input Low Voltage 
-0.5 
0.6 
V 
All 
(RESET, X1, X2) 


VIH 
Input High Voltage 
2.0 
VCC 
V 
All 
(All Except XT AL 1, 
XT AL2, RESET) 


VIH1 
Input High Voltage 
3.8 
VCC 
V 
All 
(X1, X2, RESET) 


VOL 
Output Low Voltage 
0.45 
V 
IOL = 2.0mA 
All 
(BUS) 


VOL1 
Output Low Voltage 
0.45 
V 
IOL = 1.8 mA 
All 
(RD, WR, PSEN, ALE) 


VOL2 
Output Low Voltage 
0.45 
V 
IOL = 1.0 mA 
All 
(PROG) 


VOL3 
Output Low Voltage 
0.45 
V 
IOL = 1.6 mA 
All 
(All Other Outputs) 


VOH 
Output High Voltage 
2.4 
V 
IOH = -400 
p.A 
All 
(BUS) 


VOH1 
Output High Voltage 
2.4 
V 
IOH = -100 
p.A 
All 
(RD, WR, PSEN, ALE) 


VOH2 
Output High Voltage 
2.4 
V 
IOH = -40 
p.A 
All 
(All Other Outputs) 


intel~ 


Symbol 
Parameter 
Limits 
Unit 
Test Conditions 
Device 
Mln 
Typ 
Max 


1L1 
Leakage Current 
±10 
IJ-A 
Vss 
~ VIN ~ Vee 
All 


(T1,INT) 


IU1 
Input Leakage Current 
-500 
IJ-A 
Vss + 0.45 ~ VIN ~ Vee 
All 


(P1 0-P17, 
P20-P27, 
EA,~) 


IU2 
Input Leakage 
Current 
-10 
-300 
IJ-A 
Vss 
~ VIN ~ 3.8 
All 
RESET 


ILO 
Leakage Current 
±10 
IJ-A 
Vss 
~ VIN ~ Vee 
All 
(BUS, TO) (High 
Impedance 
State) 


100 
Voo Supply Current 
3 
5 
mA 
8048AH 
(RAM Standby) 
8035AHL 


4 
7 
mA 
8049AH 
8039AHL 


5 
10 
mA 
8050AH 
8040AHL 


'00 + 
Total Supply Current' 
30 
65 
mA 
8048AH 


Ice 
8035AHL 


35 
70 
mA 
8049AH 
8039AHL 


40 
80 
mA 
8050AH 
8040AHL 


30 
100 
mA 
P8748H 


50 
110 
mA 
P8749H 


Voo 
RAM Standby Voltage 
2.2 
5.5 
V 
Standby 
Mode Reset 
8048AH 


~VIL1 
8035AH 


2.2 
5.5 
V 
8049AH 
8039AH 


2.2 
5.5 
V 
8050AH 
8040AHL 


f (t) 
11 MHz 
Conditions 
Symbol 
Parameter 
Unit 
(Note 3) 
Min 
Max 
(Note 
1) 


t 
Clock Period 
1/xtal freq 
90.9 
1000 
ns 
(Note 3) 


tLL 
ALE Pulse Width 
3.5t-170 
150 
ns 


tAL 
Addr Setup to ALE 
2t-110 
70 
ns 
(Note 2) 


tLA 
Addr Hold from ALE 
t-40 
50 
ns 


tCC1 
Control 
Pulse Width (RD, WR) 
7.5t-200 
480 
ns 


tCC2 
Control 
Pulse Width (PSEN) 
6t-200 
350 
ns 


tow 
Data Setup before WR 
6.5t-200 
390 
ns 


two 
Data Hold after WR 
t-50 
40 
ns 


tOR 
Data Hold (RD, PSEN) 
1.5t-30 
0 
110 
ns 


tR01 
RD to Data in 
6t-170 
375 
ns 


tR02 
PSEN to Data in 
4.5t-170 
240 
ns 


tAW 
Addr Setup to WR 
5t-150 
300 
ns 


tA01 
Addr Setup to Data (RD) 
10.5t-220 
730 
ns 


tA02 
Addr Setup to Data (PSEN) 
7.5t-200 
460 
ns 


tAFC1 
Addr Float to RD, WR 
2t-40 
140 
ns 
(Note 2) 


tAFC2 
Addr Float to PSEN 
0.5t-40 
10 
ns 
(Note 2) 


tLAFC1 
ALE to Control 
(RD, WR) 
3t-75 
200 
ns 


tLAFC2 
ALE to Control 
(PSEN) 
1.5t-75 
60 
ns 


tCA1 
Control to ALE (RD, WR, PROG) 
t-65 
25 
ns 


tCA2 
Control to ALE (PSEN) 
4t-70 
290 
ns 


tcp 
Port Control Setup to PROG 
1.5t-80 
50 
ns 


tpc 
Port Control 
Hold to PROG 
4t-260 
100 
ns 


tpR 
PROG to P2 Input Valid 
8.5t-120 
650 
ns 


tpF 
Input Data Hold from PROG 
1.5t 
0 
140 
ns 


top 
Output Data Setup 
6t-290 
250 
ns 


tpo 
Output Data Hold 
1.5t-90 
40 
ns 


tpp 
PROG Pulse Width 
10.5t-250 
700 
ns 


tpL 
Port 2 I/O Setup to ALE 
4t-200 
160 
ns 


tLP 
Port 2 I/O Hold to ALE 
0.5t-30 
15 
ns 


tpv 
Port Output from ALE 
4.5t+ 
100 
5.0 
ns 


tOPRR 
TO Rep Rate 
3t 
270 
ns 


tCY 
Cycle Time 
15t 
1.36 
15.0 
IJ-s 


NOTES: 
1. Control outputs: CL = 80 pF. BUS Outputs: CL = 150 pF. 
2. BUS High Impedance Load 20 pF 
3. I(t) assumes 50% duty cycle on X1, X2. Max clock period is lor a 1 MHz crystal input. 


INSTRUCTION 
FETCH 
FROM 
PROGRAM 
MEMORY 


'wo 


FLOATING 


P24-27 
P10-17 
OUTPUT 


2.4V 
---~ 
x== 
X 
2.0 ••. TEST 
POINTS 
••••2.O 
O.45V---- 
.. o.e# 
.•..0.•. 


270053-7 
A.C. testing 
inputs 
are driven 
at 2.4V for a logic "1" 
and 0.45V 
for 
a logic 
"0". 
Output 
timing 
measurements 
are made 
at 2.0V for a 
logic 
"1" 
and 0.8V for a logic 
"0". 


I 
PCH 


I 


NEW PORT 9"T4 


C1 


~" 


C1 


~ 


( 


1-11 
MHz 


~ 
C1 = C2 = 33pF ± 5'10 = 


C3 
270053-9 
C1 
~ 
5 pF 
±y, 
pF + (STRAY 
< 5 pF) 


C2 = (CRYSTAL 
+ STAY) 
< 8 pF 
C3 ~ 
20 pF 
±1 
pF + (STRAY 
< 5 pF) 
Crystal 
series 
resistance 
should 
be less than 30n 
at 11 MHz; less 


than 
75n 
at 6 MHz; 
less than 
180n 
at 3.6 MHz. 


TTLOPEN 
COLLECTOR 
GATES 


270053-11 
For XTAL 1and XTAL2 
define 
"high" 
as voltages 
above 
1.6V and 
"low" 
as voltages 
below 
1.6V. 
The 
duty 
cycle 
requirements 
for 
externally 
driving 
XTAL 1 and 
XTAL2 
using 
the 
circuits 
shown 
above 
are as follows: 
XTAL 1 must 
be high 35-65% 
of the period 
and XTAL2 
must be high 35-65% 
of the period. 
Rise and fall times 
must 
be faster 
than 
20 ns. 


PROGRAMMING 
AND VERIFYING 
THE 
P8749H/48H 
PROGRAMMABLE 
ROM 


Programming 
Verification 


In brief, the programming 
process 
consists 
of: acti- 
vating 
the 
program 
mode, 
applying 
an 
address, 


latching 
the address, 
applying 
data, and applying 
a 
programming 
pulse. Each word is programmed 
com- 
pletely 
before 
moving on to the next and is followed 
by a verification 
step. The following 
is a list of the 
pins used for programming 
and a description 
of their 
functions: 


Pin 
Function 


XTAL 1 
Clock Input (3 to 4.0 MHz) 
XTAL2 
RESET 
Initialization 
and Address 
Latching 
TO 
Selection 
of Program or Verifying 
Mode 
EA 
Activation 
of ProgramlVerify 
Modes 
BUS 
Address 
and Data Input 
Data Output During Verify 
P20-P22 
Address 
Input 


Voo 
Programming 
Power Supply 
PROG 
Program Pulse Input 


An attempt 
to program 
a missocketed 
P8749H/48H 
will result in severe damage to the part. An indication 
of a properly 
socketed 
part is the appearance 
of the 
ALE 
clock 
output. 
The 
lack 
of this 
clock 
may 
be 
used to disable 
the programmer. 


The Program/Verify 
sequence 
is: 


1. Voo 
= 
5V, Clock 
applied 
or internal 
oscillator 
operating, 
RESET 
= OV, TO = 
5V, EA = 5V, 


BUS and PROG floating. 
P10 and P11 must be 
tied to ground. 


2. Insert P8749H/48H 
in programming 
socket 


3. TO = OV (select 
program 
mode) 


4. EA = 18V (activate 
program 
mode) 


5. Address 
applied 
to BUS and P20-22 


6. RESET 
= 5V (latch address) 


7. Data applied 
to BUS 


8. Voo = 21V (programming 
power) 


9. PROG = 
Vcc 
or float 
followed 
by one 
50 ms 
pulse to 18V 


10. Voo = 5V 


11. TO = 5V (verify mode) 


12. Read and verify data on BUS 


13. TO = OV 


14. RESET 
= OV and repeat from step 5 


15. Programmer 
should 
be at conditions 
of step 
1 
when P8749H/48H 
is removed 
from socket. 


NOTE: 
Once 
programmed 
the 
P8749H/48H 
cannot 
be 
erased. 


Symbol 
Parameter 
Min 
Max 
Unit 
Test Conditions 


tAW 
Address 
Setup Time to RESET 
4tCY 


tWA 
Address 
Hold Time After RESET 
4tCY 


tDw 
Data in Setup Time to PROG 
4tey 


tWD 
Data in Hold Time After PROG 
4tCY 


tpH 
RESET Hold Time to Verify 
4tCY 


tYDDW 
VDD Hold Time Before PROG 
0 
1.0 
ms 


tYDDH 
VDD Hold Time After PROG 
0 
1.0 
ms 


tpw 
Program Pulse Width 
50 
60 
ms 


tTW 
TO Setup Time for Program Mode 
4tCY 


tWT 
TO Hold Time After Program Mode 
4tCY 


tDO 
TO to Data Out Delay 
4tCY 


tww 
RESET Pulse Width to Latch Address 
4tCY 


tr• tf 
VDD and PROG Rise and Fall Times 
0.5 
100 
JJ-s 


tCY 
CPU Operation 
Cycle Time 
3.75 
5 
JJ-s 


tRE 
RESET Setup Time before EA 
4tCY 


NOTE: 
If Test a is high, tDOcan be triggered by RESET. 


Symbol 
Parameter 
Min 
Max 
Unit 
Test Conditions 


VDDH 
VDD Program Voltage 
High Level 
20.5 
21.5 
V 


VDDL 
VDD Voltage 
Low Level 
4.75 
5.25 
V 


VPH 
PROG Program Voltage 
High Level 
17.5 
18.5 
V 


VPL 
PROG Voltage 
Low Level 
4.0 
VCC 
V 


VEAH 
EA Program or Verify Voltage 
High Level 
17.5 
18.5 
V 


IDD 
VDD High Voltage 
Supply Current 
20.0 
mA 


IpROG 
PROG High Voltage Supply Current 
1.0 
mA 


lEA 
EA High Voltage Supply Current 
1.0 
mA 


intel~ 


-=.J 
EA 


I 
: (INPUT) 
, 
I 
I 
I 
H 
ADDRESS 
~------------------ 
, 
1 ~ 


: 
(INPUT) 
(OUTPUT): 


RESET 
---------------,____ 
! 
_ 


I (INPUT) 
, 
: 
' 


I 


P2G-P2J 
-_-_-_-_-_-_-_-_-_A=D=D=R=ES=S========H~ 
A_D_D_R_E_S_S 
_ 


I (INPUT) 
I 


DB 
AD_D_R_E_S_S 
__ H 
ROM 
DATA 


(INPUT) 
(OUTPUT) 


50H 


ADDR 


ADDR 


NOTE: 
ALE is function 
of X1, 
X2 inputs_ 


VEAH~r-IRE 
EA 
VCC 


-----PROGRAM 


VCC 
lTW-- 


TO 


VILl 


VCC 


RESET 


VIL1 


__ 
-<NEXT 
ADDRK 
VALID 


lAW 


DBo-DB7 J--- 


VDDH 
--- 
-------------- 


VOD 


VCC ---------------- 


VPH 
_ 


PROGVPL------------- 


• 


D8748H/D8749H 
HMOS-E SINGLE-COMPONENT 
8-BIT MICROCONTROLLER 


• 
High Performance 
HMOS-E 


• 
Interval Timer/Event 
Counter 


• 
Two Single Level Interrupts 


• 
Single 5-Volt Supply 
• 
Over 96 Instructions; 
90% Single Byte 


• 
Compatible with 8080/8085 Peripherals 


• 
Easily Expandable Memory and I/O 


• 
Up to 1.35 ,..,sInstruction 
Cycle; 
All Instructions 
1 or 2 Cycles 


The Intel D8749H/D8748H are totally self-sufficient. 8-bit parallel computers fabricated on single silicon chips 
using Intel's advanced N-channel silicon gate HMOS-E process. 


The family contains 27 I/O lines. an 8-bit timer/counter, on-chip RAM and on-board oscillator/clock circuits. 
For systems that require extra capability, the family can be expanded using MCS@-80/MCS@-85peripherals. 


These microcomputers are designed to be efficient controllers as well as arithmetic processors. They have 
extensive bit handling capability as well as facilities for both binary and BCD arithmetic. Efficient use of 
program memory results from an instruction set consisting mostly of single byte instructions and no instruc- 
tions over 2 bytes in length. 


Device 
Internal Memory 


D8749H 
2Kx8 EPROM 
I 
128 x 8 RAM 


D8748H 
1K x 8 EPROM 
I 
64x8 
RAM 


RESET 


SINGLE 


STEP 


Figure 1. 
Block Diagram 
Figure 2. 
Logic Symbol 


TO , 
Vcc 


XTAll 
2 
T1 


XTAl2 
P27 


RESET 
P2. 


55 
P25 


iNT 
P2< 


P17 


P'. 


PSEN 
P'5 


W- 
P,. 


ALE 
P13 


DBO 
P12 


DB, 
PI1 


DB, 
Pl0 


DB, 
Voo 


BD, 
PROG 


DB, 
P23 


DB, 
P22 


DB7 ,. 
P21 


V" 
P20 


Symbol 
Pin No. 
Function 


Vss 
20 
Circuit GND potential. 


VDD 
26 
+ 5V during normal operation. 


Programming 
power supply (+ 21V). 


VCC 
40 
Main power supply; + 5V during operation 
and programming. 


PROG 
25 
Output strobe for 8243 I/O expander. 


Program pulse (+ 18V) input pin during programming. 


P10-P17 
27-34 
8-bit quasi-bidirectional 
port. 
Port 1 


P20-P23 
21-24 
8-bit quasi-bidirectional 
port. P20-P23 
contain the four high order program 
counter 
bits during an external 
program 
memory fetch and serve as a 4-bit 
I/O expander 
bus for 8243. 


P24-P27 
35-38 
Port 2 


DBO-DB7 
12-19 
True bidirectional 
port which can be written or read synchronously 
using the 
BUS 
RD, WR strobes. The port can also be statically 
latched. Contains 
the 8 low 
order program counter 
bits during an external 
program 
memory fetch, and 
receives 
the addressed 
instruction 
under the control of PSEN. Also contains 
the address and data du~ 
an external 
RAM data store instruction, 
under 
control 
of ALE, RD, and WR. 


TO 
1 
Input pin testable 
using the conditional 
transfer 
instructions 
JTO and JNTO. 
TO can be designated 
as a clock output using ENTO CKL instruction. 


Used during programming. 


T1 
39 
Input pin testable 
using the JT1, and JNT1 instructions. 
Can be designated 
the timer/counter 
input using the STRT CNT instruction. 


INT 
6 
Interrupt 
input. Initiates an interrupt 
if interrupt 
is enabled. 
Interrupt 
is 
disabled 
after a reset. Also testable 
with conditional 
jump instruction. 
(Active 


low) interrupt 
must remain low for at least 3 machine 
cycles for proper 
operation. 


RD 
8 
Output strobe activated 
during a BUS read. Can be used to enable data onto 
the bus from an external device. 
Used as a read strobe to external data memory. 
(Active low) 


•• 


Symbol 
Pin No. 
Function 


RESET 
4 
Input which is used to initialize the processor. 
(Active low) (Non TTL VIH) 


Used during programming. 


WR 
10 
Output strobe during a bus write. (Active low) 
Used as write strobe to external data memory. 


ALE 
11 
Address 
latch enable. This signal occurs once dLJringeach cycle and is 
useful as a clock output. 
The negative 
edge of ALE strobes 
address into external data and program 
memory. 


PSEN 
9 
Program store enable. This output occurs only during a fetch to external 
program 
memory. (Active low.) 


SS 
5 
Single step input can be used in conjunction 
with ALE to "single 
step" 
the 
processor 
through 
each instruction. 


EA 
7 
External access input which forces all program 
memory fetches 
to reference 
external 
memory. 
Useful for emulation 
and debug. (Active high.) 


Used during (18V) programming. 


XTAL1 
2 
One side of crystal input for internal oscillator. 
Also input for external 
source. 


(Non TTL VIH.) 


XTAL2 
3 
Other side of crystal input. 


Mnemonic 
Description 
Bytes 
Cycles 
ACCUMULATOR 
ADDA. 
R 
Add register to A 
ADDA,@R 
Add data 
memory 
to A 


ADDA, 
#data 
Add immediate 
2 
2 
toA 
ADDCA, 
R 
Add register with 
carry 
AD DC A, @R 
Add data 
memory with 
carry 
ADDC A, #data 
Add immediate 
2 
2 
with carry 
ANLA, 
R 
And register to A 
ANLA,@R 
And data 
memory 
to A 
ANLA, 
#data 
And immediate 
2 
2 
toA 
ORLA, 
R 
Or register 
to A 
ORLA,@R 
Or data memory 
toA 
ORLA, 
#data 
Or immediate 
to 
2 
2 
A 


XRL A, R 
Exclusive 
or 


register 
to A 


XRL A, @R 
Exclusive 
or 
data memory 
to 
A 


XRLA, 
#data 
Exclusive 
or 
2 
2 
immediate 
to A 


Mnemonic 
Description 
Bytes 
Cycles 
ACCUMULATOR 
(Continued) 
INCA 
IncrementA 
1 
1 
DECA 
Decrement 
A 
1 
1 
CLRA 
Clear A 
1 
1 
CPLA 
Complement 
A 
1 
1 
DAA 
Decimal 
adjust A 
1 
1 
SWAP A 
Swap nibbles of 
1 
1 
A 
RLA 
Rotate 
A left 
1 
1 
RLCA 
, 
Rotate 
A left 
1 
1 
through 
carry 
RRA 
Rotate 
A right 
1 
1 
RRCA 
Rotate 
A right 
1 
1 
through 
carry 


INPUT/OUTPUT 
INA, 
P 
Input port to A 
1 
2 


OUTLP,A 
Output A to port 
1 
2 


ANLP, 
#data 
And immediate 
2 
2 
to port 
ORL P, #data 
Or immediate 
to 
2 
2 


port 
INSA, 
BUS 
Input BUS to A 
1 
2 
OUTL BUS,A 
Output A to BUS 
1 
2 
ANL BUS, #data 
And immediate 
2 
2 


to BUS 
ORL BUS, #data 
Or immediate 
to 
2 
2 


BUS 
MOVDA, 
P 
Input expander 
1 
2 


port to A 


Mnemonic 
Description 
Bytes 
Cycles 
INPUT/OUTPUT 
(Continued) 


MOVDP,A 
Output A to 
1 
2 
expander 
port 


ANLDP,A 
And A to expander 
1 
2 
port 


ORLDP,A 
Or A to expander 
1 
2 
port 


REGISTERS 
INCR 
Increment 
register 
1 
1 
INC@R 
Increment 
data 
1 
1 
memory 
DECR 
Decrement 
register 
1 
1 


BRANCH 
JMP addr 
Jump unconditional 
2 
2 


JMPP@A 
Jump indirect 
1 
2 
DJNZR, 
addr 
Decrement 
register 
2 
2 
and skip 
JC addr 
Jump on carry = 1 
2 
2 
JNCaddr 
Jump on carry = 0 
2 
2 
JZ addr 
Jump on A zero 
2 
2 
JNZ addr 
Jump on A not zero 
2 
2 
JTO addr 
Jump on TO = 1 
2 
2 
JNTOaddr 
Jump on TO = 0 
2 
2 
JT1 addr 
JumponT1 
= 1 
2 
2 
JNT1 addr 
JumponT1 
= 0 
2 
2 
JFO addr 
Jump on FO = 1 
2 
2 
JF1 addr 
Jump on F1 = 1 
2 
2 
JTFaddr 
Jump on timer flag 
2 
2 
JNI addr 
Jump on INT = 0 
2 
2 
JBb addr 
Jump on 
2 
2 
accumulator 
bit 


SUBROUTINE 
CALLaddr 
Jump to subroutine 
2 
2 
RET 
Return 
1 
2 
RETR 
Return and restore 
1 
2 
status 


FLAGS 
CLRC 
Clear carry 
1 
1 
CPLC 
Complement 
carry 
1 
1 
CLR FO 
Clear flag 0 
1 
1 
CPLFO 
Complement 
flag 0 
1 
1 
CLR F1 
Clear flag 1 
1 
1 
CPL F1 
Complement 
flag 1 
1 
1 
DATA 
MOVES 
MOVA,R 
Move register 
to A 
1 
1 
MOVA,@R 
Move data memory 
1 
1 
toA 
MOVA, 
#data 
Move immediate 
2 
2 
toA 


MOVR,A 
MOV@R,A 


Mnemonic 
Description 
DATA MOVES 
(Continued) 


TIMER/COUNTER 
MOVA, 
TRead 


timer/counter 
Load 
timer/counter 
Start timer 
Start counter 
Stop timer/counter 
Enable timer/ 
counter 
interrupt 
Disable timer/ 
counter 
interrupt 


MOVA,PSW 
MOVPSW,A 
XCHA, 
R 


STRTT 
STRTCNT 
STOP TCNT 
EN TCNTI 


Move A to register 
Move A to data 
memory 
Move immediate 
to 


register 
Move immediate 
to 


data memory 
MovePSWtoA 
Move Ato 
PSW 
Exchange 
A and 
register 
Exchange 
A and 


data memory 
Exchange 
nibble 
of A and register 
Move eX1ernal 


data memory 
to A 
Move A to eX1ernal 


data memory 
Move to A from 
current 
page 
Move to A from 
page 3 


CONTROL 
ENI 
Enable external 
interrupt 
DISI 
Disable eX1ernal 
interrupt 
SELRBO 
Select 
register 
bank 0 
SELRB1 
Select 
register 
bank 1 
SEL MBO 
Select 
memory 
bank 0 
SELMB1 
Select 
memory 
bank 1 
ENTOCLK 
Enable clock 


output 
on TO 
NOP 
No operation 


• 


Ambient 
Temperature 
Under Bias .... 
O°C to + 70°C 


Storage Temperature 
- 65°C to + 150°C 


Voltage 
On Any Pin With Respect 
to Ground 
- 0.5V to + 7V 


Power Dissipation 
1.0 Watt 


NOTICE: This is a production data sheet. The specifi- 
cations are subject to change without notice. 


"WARNING: Stressing the device beyond the "Absolute 
Maximum 
Ratings" 
may 
cause 
permanent 
damage. 


These are stress ratings 
only. Operation 
beyond 
the 
"Operating 
Conditions" 
is not recommended 
and ex- 


tended 
exposure 
beyond 
the 
"Operating 
Conditions" 


may affect device reliability. 


limits 
Symbol 
Parameter 
Min 
Typ 
Max 
Unit 
Test Conditions 
Device 


VIL 
Input Low Voltage 
(All 
-0.5 
0.8 
V 
All 
Except RESET, X1, X2) 


VIL1 
Input Low Voltage 
-0.5 
0.6 
V 
All 
(RESET, X1, X2) 


VIH 
Input High Voltage 
2.0 
Vee 
V 
All 
(All Except XTAL 1, 
XTAL2, RESET 


VIH1 
Input High Voltage 
3.8 
Vee 
V 
All 
(X1, X2, RESET) 


VOL 
Output Low Voltage 
(BUS) 
0.45 
V 
IOL = 2.0 mA 
All 


Vou 
Output Low Voltage 
0.45 
V 
IOL = 1.8 mA 
All 
(RD, WR, PSEN, ALE) 


VOL2 
Output Low Voltage 
0.45 
V 
IOL = 1.0 mA 
All 
(PROG) 


VOL3 
Output Low Voltage 
0.45 
V 
IOL = 1.6 mA 
All 
(All Other Outputs) 


VOH 
Output High Voltage 
(BUS) 
2.4 
V 
IOH = -400 
IJ-A 
All 


VOH1 
Output High Voltage 
2.4 
V 
IOH = -100 
IJ-A 
All 
(RD, WR, PSEN, ALE) 


VOH2 
Output High Voltage 
2.4 
V 
IOH = -40 
IJ-A 
All 
(All Other Outputs) 


lu 
Leak~ 
Current 
±10 
IJ-A 
VSS :s;VIN :s;Vee 
All 
(T1,INT) 


IU1 
Input Leakage Current 
-500 
IJ-A 
VSS + 0.45 :s;VIN :s;Vee 
All 
(P10-P17, 
P20-P27, 
EA,SS) 


IU2 
Input Leakage Current 
-10 
-300 
IJ-A 
VSS :s;VIN :s;3.8V 
All 
RESET 


ILO 
Leakage Current 
±10 
IJ-A 
VSS :s;VIN :s;Vee 
All 
(BUS, TO) (High 
Impedance 
State) 


IDD + Ice 
Total Supply Current" 
80 
100 
mA 
8748H 


95 
110 
mA 
8749H 


NOTE: 
"Ice + IDD is measured with all outputs disconnected; ss, RESET, and INT equal to Vcc: EA equal to Vss. 


f(t) 
11 MHz 
Conditions 
Symbol 
Parameter 
Unit 
(Note 3) 
Min 
Max 
(Note 
1) 


t 
Clock Period 
1/xtal freq 
90.9 
1000 
ns 
(Note 3) 


tLL 
ALE Pulse Width 
3.5t - 
170 
150 
ns 


tAL 
Addr Setup to ALE 
2t - 
110 
70 
ns 
(Note 2) 


tLA 
Addr Hold from ALE 
t - 
40 
50 
ns 


teC1 
Control 
Pulse Width (RD, WR) 
7.5t - 
200 
480 
ns 


tCC2 
Control Pulse Width (PSEN) 
6t - 
200 
350 
ns 


tow 
Data Setup before WR 
6.5t - 
200 
390 
ns 


two 
Data Hold after WR 
t - 
50 
40 
ns 


tOR 
Data Hold (RD, PSEN) 
1.5t - 
30 
0 
110 
ns 


tR01 
RD to Data In 
6t - 
170 
375 
ns 


tR02 
PSEN to Data In 
4.5t - 
170 
240 
ns 


tAW 
Addr Setup to WR 
5t - 
150 
300 
ns 


tA01 
Addr Setup to Data (RD) 
10.5t - 
220 
730 
ns 


tA02 
Addr Setup to Data (PSEN) 
7.5t - 
200 
460 
ns 


tAFC1 
Addr Float to RD, WR 
2t-40 
140 
ns 
(Note 2) 


tAFC2 
Addr Float to PSEN 
0.5t - 
40 
10 
ns 
(Note 2) 


tLAFC1 
ALE to Control 
(RD, WR) 
3t - 
75 
200 
ns 


tLAFC2 
ALE to Control (PSEN) 
1.5t - 
75 
60 
ns 


tCA1 
Control to ALE (RD, WR, PROG) 
t - 
65 
25 
ns 


tCA2 
Control to ALE (PSEN) 
4t - 
70 
290 
ns 


tep 
Port Control Setup to PROG 
1.5t - 
80 
50 
ns 


tpc 
Port Control 
Hold to PROG 
4t - 
260 
100 
ns 


tpR 
PROG to P2 Input Valid 
8.5t - 
120 
650 
ns 


tpF 
Input Data Hold from PROG 
1.5t 
0 
140 
ns 


top 
Output Data Setup 
6t - 
290 
250 
ns 


tpo 
Output Data Hold 
1.5t - 
90 
40 
ns 


tpp 
PROG Pulse Width 
10.5t - 
250 
700 
ns 


tpL 
Port 2 I/O Setup to ALE 
4t - 
200 
160 
ns 


(LP 
Port 2 I/O Hold to ALE 
0.5t - 
30 
15 
ns 


tpv 
Port Output from ALE 
4.5t + 100 
510 
ns 


tOPRR 
TO Rep Rate 
3t 
270 
ns 


tev 
Cycle Time 
15t 
1.36 
15.0 
fJos 


NOTES: 
1. Control outputs CL = 80 pF; BUS outputs CL = 150 pF. 
2. BUS High Impedance Load 20 pF. 
3. fIt) assumes 50% duty cycle on X1, X2. Max clock period is for a 1 MHz crystal input. 


INSTRUCTION 
FETCH 
FROM 
PROGRAM 
MEMORY 


--.1tLAFC1 L 


ALE J---I__' 
_ 
2.4V 
----""" 
n;-;;--------::-'" r---- I 


O.45V 
X~:~-: 
TEST POINTS::~:~X,-- 
I 
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AC testing inputs are driven at 2.4V for a Logic "1" and 0.45V for 
a Logic "0". Output timing measurements are made at 2.0V for a 
Logic "1" and 0.8V for a Logic "0." 


P24-27 
P10-17 
OUTPUT 


tLP 


EXPANDER 
PORT 


OUTPUT 


EXPANDER 
PORT 


INPUT 


i 
tPL-1 


I 
I 
I 
II 
I 


~tPv1 


I 
I 


I 
I 
I 
PCH 


I 


---j 
f-tCA1 


ItPD 


~tDP 
.1" ·1 


OUTPUT 
DATA I 


C1 
~ 
5 pF ±'I2 pF + (STRAY 
< 5 pF) 
C2 ~ 
(CRYSTAL 
+ STRAY) 
< 8 pF 
C3 = 20 pF 
±1 
pF (STRAY 
< 5 pF) 


Crystal 
series 
resistance 
should 
be less than 30n at 11 MHz; less 
than 75n at 6 MHz; 
less than 180n at 3.6 MHz. 


Cl 


~ 


I 
1-11 
MHz 


~ 
Cl=C2=33pFtS'h = 


C3 


•• 


TTL OPEN 
COLLECTOR 
GATES 
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For XTAL 1 and XTAL2 
define 
"high" 
as voltages 
above 
1.6V and 


"low" 
as voltages 
below 
1.6V. The 
duty 
cycle 
requirements 
for 


externally 
driving 
XTAL1 
and 
XT AL2 
using 
the 
circuit 
shown 


above 
are as follows: 
XTAL 1 must 
be high 35-65% 
of the period 
and 
XTAL2 
must 
be high 
36-65% 
of the 
period. 
Rise 
and 
fall 


times 
must 
be faster 
than 
20 ns. 


PROGRAMMING, 
VERIFYING 
AND 
ERASING 
THE 8749H (8748H) 
EPROM 


In brief, the programming 
process 
consists 
of: acti- 


vating 
the 
program 
mode, 
applying 
an 
address, 


latching 
the address, 
applying 
data, and applying 
a 


programming 
pulse. Each word is programmed 
com- 


pletely 
before 
moving on to the next and is followed 


by a verification 
step. The following 
is a list of the 


pins used for programming 
and a description 
of their 


functions: 


Pin 
Function 


XTAL1 
Clock Input (3 to 4.0 MHz) 


XTAL2 
RESET 
Initialization 
and Address 
Latching 


TEST 0 
Selection 
of Program or Verify Mode 


EA 
Activation 
of ProgramlVerify 
Modes 


BUS 
Address 
and Data Input 
Data Output During Verify 


P20-P22 
Address 
Input 


VDD 
Programming 
Power Supply 


PROG 
Program Pulse Input 


An 
attempt 
to 
program 
a 
missocketed 
8749H 


(8748H) 
will result in severe 
damage 
to the part. An 


indication 
of a properly 
socketed 
part is the appear- 


ance of the ALE clock output. The lack of this clock 
may be used to disable 
the programmer. 


The ProgramlVerify 
sequence 
is: 


1) VDD = 5V, Clock applied 
or internal 
oscillator 
op- 


erating. 
RESET = OV, TEST 0 = 5V, EA = 5V, 


BUS and PROG floating. 
P10 and P11 must 
be 


tied to ground. 


2) Insert 8749H 
(8748H) 
in programming 
socket. 


3) TEST 0 = OV (select 
program 
mode) 


4) EA = 18V (activate 
program 
mode) 


5) Address 
applied 
to BUS and P20-22 


6) RESET 
= 5V (latch address) 


7) Data applied 
to BUS 


8) VDD = 21V (programming 
power) 


9) PROG = 
VCC or float 
followed 
by one 
50 ms 


pulse to 18V 


10) VDD = 5V 


11) TEST 0 = 5V (verify mode) 


12) Read and verify data on BUS 


13} TEST 0 = OV 


14} RESET = OV and repeat from step 5 


15) Programmer 
should 
be at conditions 
of step 
1 


when 8749H 
(8748H) 
is removed 
from socket. 


AC TIMING 
SPECIFICATION 
FOR PROGRAMMING 
8748H/8749H 
TA = 25°C 
±5°C; 
VCC = 5V ±5%; 
VOO = 21V 
±0.5V 


Symbol 
Parameter 
Min 
Max 
Unit 
Test Conditions 


tAW 
Address 
Setup Time to RESET i 
4tCY 


tWA 
Address 
Hold Time after RESET i 
4tCY 


tow 
Data in Setup Time to PROG i 
4tCY 


two 
Data in Hold Time after PROG J.. 
4tey 


tpH 
RESET Hold Time to Verify 
4tCY 


tvOOW 
Voo Hold Time before PROG i 
0 
1.0 
ms 


tVOOH 
Voo Hold Time after PROG J.. 
0 
1.0 
ms 


tpw 
Program Pulse Width 
50 
60 
ms 


tTW 
TEST 0 Setup Time for Program Mode 
4tCY 


tWT 
TEST 0 Hold Time after Program Mode 
4tCY 


too 
TEST 0 to Data Out Delay 
4tCY 


tww 
RESET Pulse Width to Latch Address 
4tCY 


tr• tf 
Voo and PROG Rise and Fall Times 
0.5 
100 
f-Ls 


tCY 
CPU Operation 
Cycle Time 
3.75 
5 
f-Ls 


tRE 
RESET Setup Time before EA i 
4tCY 


NOTE: 
If TEST 0 is high, tDOcan be triggered by RESET t. 


DC SPECIFICATION 
FOR PROGRAMMING 
8748H/8749H 
TA = 25°C 
±5°C; 
VCC = 5V ±5%; 
VOO = 21V 
±0.5V 


Symbol 
Parameter 
Mln 
Max 
Unit 
Test Conditions 


VOOH 
Voo Program Voltage 
High Level 
20.5 
21.5 
V 


VOOL 
Voo Voltage 
Low Level 
4.75 
5.25 
V 


VPH 
PROG Program Voltage 
High Level 
17.5 
18.5 
V 


VPL 
PROG Voltage 
Low Level 
4.0 
VCC 
V 


VEAH 
EA Program or Verify Voltage 
High Level 
17.5 
18.5 
V 


100 
VOO High Voltage 
Supply Current 
20.0 
mA 


IpROG 
PROG High Voltage Supply Current 
1.0 
mA 


lEA 
EA High Voltage Supply Current 
1.0 
mA 


• 


intel~ 


VIL1 


VCC 


RESET 


VIl1 


__ 
-{NEXT 
ADDRK 
VALID 


v~; 
----,~:2f1:'-~-D------------------ 


PRO;Pl 
~ 
• 
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TO 
RESET 
~ 
J.t: 
\_. 
_/~ 
\_-_/ 
\- 


DBO-DB7 J-- 


_____ X 
A_D_D_R_E_S_S_(8_-_9)_V_A_l_ID 
X~ 
N_E_X_T_A_D_D_R_E_S_S_V_Al_I_D 
_ 


-.::J 
EA 


I: (INPUT) 
,, 
I, 


H, 


ADDRESS 
LfROMl 
_ 
.. 
I~ 
: 
(INPUT) 
(OUTPUT) 
: 


TO, RESET 
----------------,---- 
! 
_ 
: (INPUT) 
, 


I 
' 
I 
' 


P2D-P23 
---~-_ 
-_ -_ -_ -_ -_ -_ -_-_A=DD=R=E=S=S========H=======A=D=D=R=ES=S======-....-- 
_ 
: (INPUT) 


DB 
A_D_D_R_E_SS 
~ 
ROM 
DATA 


(INPUT) 
(OUTPUT) 


48H 


A10 
0 


A11 
0 


49H 


ADDR 


o 


NOTE: 
ALE is function 
of X1, X2 inputs. 


• 


P8049KB 
HMOS SINGLE-COMPONENT 
8-BIT 
MICROCONTROLLER 


• 
Four 10 mA LED Drivers 


• 
Interval 
Time/Event 
Counter 


• 
Two Single Level Interrupts 


• 
Single 5V Supply 


• 
Over 96 Instructions 


• 
Easily Expandable 
Memory 
and I/O 


• 
1 to 8 MHz Operation 


• 
1.87,....s Instruction 
Cycle 


• 
1 or 2 Cycle Instructions 


• 
2K x 8 ROM 


• 
128 x 8 RAM 


The Intel a049KB 
is a totally 
self-sufficient, 
a-bit parallel 
computer 
fabricated 
on a single 
silicon 
chip using 


Intel's advanced 
N-channel 
silicon gate HMOS process. 
This microcontroller 
is available 
in the masked 
ROM 


version 
and runs at a maximum 
XTAL frequency 
of a MHz. 


This microcomputer 
is designed 
to be an efficient 
controller 
as well as arithmetic 
processor. 
It has extensive 


bit handling 
capability 
as well as facilities 
for both binary and BCD arithmetic. 
Efficient 
use of program 
memory 


results from an instruction 
set consisting 
of mostly 
single byte instructions 
and no instruction 
over 2 bytes in 


length. 


XTAli 


RESET 


SINGLE 


STEP 
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Figure 2. Logic Symbol 


TO 
XTAL 
1 
XTAL 
2 
RESET 
SS 
INT 
EA 
AD 
PSEN 


WR 
ALE 
DBO 
DB1 
DB2 
DB3 


. DB4 
DBS 
DB6 
DBr 
YSS 


Pin Configuration 


Table 
1. Pin Description 


Symbol 
Pin 
Function 
No. 


Vss 
20 
Circuit GND potential. 


Voo 
26 
+ 5V during normal operation. 


Low power standby 
pin. 


Programming 
power supply (+ 21 V). 


Vcc 
40 
Main power supply; + 5V during operation 
and programming. 


P10-P17 
27-34 
8·bit quasi-bidirectional 
port. 


Port 1 


P20-P23 
21-24 
8·bit quasi·bidirectional 
port. P20-P23 
contain the four high order program 
P24-P27 
35-38 
counter 
bits during an external 
program 
memory fetch and serve as a 4·bit 
Port 2 
I/O expander 
bus for 8243. 


DBO-DB7 
12-19 
True bidirectional 
port which can be written or read synchronously 
using the 
BUS 
RD, WR strobes. The port can also be statically 
latched. 
Contains 
the 8 low 
order program counter 
bits during an external 
program 
memory fetch, and 
receives 
the addressed 
instruction 
under the control 
of PSEN. Also contains 
the address and data du~ 
an external 
RAM data store instruction, 
under 
control 
of ALE, RD, and WR. 


TO 
1 
Input pin testable 
using the conditional 
transfer 
instruction 
JTO and JNTO. TO 
can be designated 
as a clock output using ENTO CLK instruction. 


Used during programming. 


• 


Symbol 
Pin 
Function 
No. 


T1 
39 
Input pin testable 
using the JT1, and JNT1 instructions. 
Can be designated 
the timer/counter 
input using the STRT CNT instruction. 


INT 
6 
Interrupt 
input. Initiates an interrupt 
if interrupt 
is enabled. 
Interrupt 
is 


disabled 
after a reset. Also testable 
with conditional 
jump instruction. 
(Active 
low) interrupt 
must remain low for at least 3 machine 
cycles for proper 


operation. 


RD 
8 
Output strobe activated 
during a BUS read. Can be used to enable data onto 
the bus from an external 
device. 
Used as a read strobe to external 
data memory. 
(Active low) 


RESET 
4 
Input which is used to initialize the processor. 
(Active low) (Non TIL 
VIH) 


Used during power down. 


Used during programming. 


Used during ROM verification. 


WR 
10 
Output strobe during a bus write. (Active low) 


Used as write strobe to external data memory. 


ALE 
11 
Address 
latch enable. This signal occurs once during each cycle and is 
useful as a clock output. 


The negative edge of ALE strobes 
address into external data and program 
memory. 


PSEN 
9 
Program store enable. This output occurs only during a fetch to external 
program 
memory. 
(Active low) 


SS 
5 
Single step input can be used in conjunction 
with ALE to "single 
step" 
the 
processor 
through 
each instruction. 


(Active low) Used in sync mode. 


EA 
7 
External access input which forces all program 
memory fetches 
to reference 
external 
memory. 
Useful for emulation 
and debug. (Active high) 


Used during (18V) programming. 


Used during ROM verification 
(12V). 


XTAL1 
2 
One side of crystal input for internal oscillator. 
Also input for external 
source. 


(NonTILVIH) 


XTAL2 
3 
Other side of crystal input. 


Accumulator 


Mnemonic 
Description 
Bytes Cycles 


ADD A, R 
Add register to A 
1 
1 
ADDA, 
@R 
Add data memory 
1 
1 
toA 
ADD A, #data 
Add immediate 
to A 
2 
2 
ADDCA, 
R 
Add register with 
1 
1 
carry 
ADDCA, 
@R 
Add data memory 
1 
1 
with carry 
ADDC A, # data Add immediate 
with 
2 
2 
carry 
ANLA, 
R 
And register to A 
1 
1 
ANLA, 
@R 
And data memory 
1 
1 
toA 
ANLA, 
#data 
And immediate 
to A 
2 
2 
ORLA, 
R 
Or register to A 
1 
1 
ORLA, 
@R 
Or data memory 
1 
1 
toA 
ORLA, 
#data 
Or immediate 
to A 
2 
2 
XRL A, R 
Exclusive 
or register 
1 
1 
toA 


XRLA, 
@R 
Exclusive or data 
1 
1 
memory to A 
XRL A, #data 
Exclusive 
or 
2 
2 
immediate 
to A 
INCA 
Increment 
A 
1 
1 
DECA 
Decrement 
A 
1 
1 
CLRA 
Clear A 
1 
1 
CPLA 
Complement 
A 
1 
1 
DAA 
Decimal adjust A 
1 
1 
SWAP A 
Swap nibbles of A 
1 
1 
RLA 
Rotate A left 
1 
1 
RLCA 
Rotate A left 
1 
1 
through 
carry 
RRA 
Rotate A right 
1 
1 
RRCA 
Rotate A right 
1 
1 
through carry 


Input/Output 


Mnemonic 
Description 
Bytes Cycles 


INA, 
P 
Input port to A 
1 
2 
OUTL P, A 
Output A to port 
1 
2 
ANL P, #data 
And immediate 
to 
2 
2 
port 
ORL P, #data 
Or immediate 
to 
2 
2 
port 
INSA, 
BUS 
Input BUS to A 
1 
2 
OUTLBUS, 
A 
Output A to BUS 
1. 
2 
ANL BUS, #data 
And immediate 
to 
2 
2 
BUS 
ORL BUS, # data Or immediate 
to 
2 
2 
BUS 
MOVDA, 
P 
Input expander 
port 
2 
toA 
MOVDP,A 
Output A to 
2 
expander 
port 
ANLD P,A 
And A to expander 
2 
port 
ORLD P,A 
Or A to expander 
2 
port 


Registers 


Mnemonic 


INCR 
INC@R 
DECR 


Description 


Increment 
register 
Increment 
data memory 
Decrement 
register 


Bytes 
Cycles 


1 
1 
1 
1 


1 
1 


Branch 


Mnemonic 
Description 
Bytes 
Cycles 


JMP addr 
Jump unconditional 
2 
2 
JMPP@A 
Jump indirect 
1 
2 
DJNZ R, addr 
Decrement 
register 
2 
2 
and skip 
JC addr 
Jump on carry = 1 
2 
2 
JNC addr 
Jump on carry = 0 
2 
2 
JZ addr 
Jump on A zero 
2 
2 
JNZ addr 
Jump on A not zero 
2 
2 
JTO addr 
Jump on TO = 1 
2 
2 
JNTO addr 
Jump on TO = 0 
2 
2 
JT1 addr 
Jump on T1 = 1 
2 
2 
JNT1 addr 
Jump on T1 = 0 
2 
2 
JFO addr 
Jump on FO = 1 
2 
2 
JF1 addr 
Jump on F1 = 1 
2 
2 
JTF addr 
Jump on timer flag 
2 
2 
JNI addr 
Jump on INT = 0 
2 
2 
JBb addr 
Jump on accumulator 
2 
2 
bit 


Table 2. Instruction Set (Continued) 
r--------------------, 
~-----------------~ 
Subroutine 
Timer/Counter 


Mnemonic 
Description 
Bytes 
Cycles 


CALL addr 
Jump to subroutine 
2 
2 
RET 
Return 
1 
2 
RETR 
Return and restore 
1 
2 
status 


Flags 


Mnemonic 
Description 
Bytes 
Cycles 


CLRC 
Clear carry 
1 
1 
CPLC 
Complement 
carry 
1 
1 
CLR FO 
Clear flag 0 
1 
1 
CPL FO 
Complement 
flag 0 
1 
1 
CLR F1 
Clear flag 1 
1 
1 
CPL F1 
Complement 
flag 1 
1 
1 


Data Moves 


Mnemonic 
Description 
Bytes Cycles 


MOVA, 
R 
Move register to A 
1 
1 
MOVA,@R 
Move data memory 
1 
1 
toA 
MOV A, #data 
Move immediate 
to 
2 
2 
A 
MOVR,A 
Move A to register 
1 
1 
MOV@R,A 
Move A to data 
1 
1 
memory 
MOV R, #data 
Move immediate 
to 
2 
2 
register 
MOV @R, #data 
Move immediate 
to 
2 
2 
data memory 
MOV A, PSW 
Move PSW to A 
1 
1 
MOVPSW,A 
Move A to PSW 
1 
1 
XCHA, 
R 
Exchange 
A and 
1 
1 
register 
XCHA,@R 
Exchange 
A and 
1 
1 
data memory 
XCHDA, 
@R 
Exchange 
nibble of 
1 
1 
A and data memory 
MOVXA,@R 
Move external 
data 
1 
2 
memory to A 
MOVX@R,A 
Move A to external 
1 
2 
data memory 
MOVPA,@A 
Move to A from 
1 
2 
current page 
MOVP3A,@A 
Move to A from 
1 
2 
page 3 


Mnemonic 


MOVA, 
T 
MOVT,A 
STRTT 
STRTCNT 
STOP TCNT 
EN TCNTI 


Description 
Bytes Cycles 


Read timer/counter 
1 
1 


Load timer/counter 
1 
1 
Start timer 
1 
1 
Start counter 
1 
1 
Stop timer/counter 
1 
1 


Enable timer/ 
1 
1 


counter 
interrupt 
Disable timer/ 
counter 
interrupt 


Control 


Mnemonic 
Description 
Bytes Cycles 


ENI 
Enable external 
1 
1 
interrupt 
DISI 
Disable external 
1 
1 


interrupt 
SEL RBO 
Select register bank 0 
1 
1 
SEL RB1 
Select register bank 1 
1 
1 


SEL MBO 
Select memory bank 0 
1 
1 


SEL MB1 
Select memory bank 1 
1 
1 
ENTO CLK 
Enable clock output 
1 
1 
onTO 


Description 


No operation 


Bytes 


1 


Cycles 


1 


NOTICE: This data sheet contains preliminary 
infor- 


mation on new products in production. The specifica- 
tions are subject to change without notice. Verify with 
your local Intel Sales office that you have the latest 
data sheet before finalizing a design. 


• WARNING: Stressing the device beyond the "Absolute 
Maximum 
Ratings" 
may 
cause 
permanent 
damage. 


These are stress ratings 
only. Operation 
beyond 
the 


"Operating 
Conditions" 
is not recommended 
and ex- 


tended 
exposure 
beyond 
the 
"Operating 
Conditions" 


may affect device reliability. 


Case Temperature 
Under Bias 
O·C to + 70·C 


Storage Temperature 
- 65·C to + 150·C 


Voltage 
on any Pin with Respect 
to Ground 
- 0.5V to + 7V 


Power Dissipation 
1.5W 


Symbol 
Parameter 
Limits 
Unit 
Test Conditions 
Mln 
Typ 
Max 


VIL 
Input Low Voltage 
(All 
-0.5 
0.8 
V 
ExceptRESET,X1,X2) 


VIL1 
Input Low Voltage 
-0.5 
0.6 
V 
(RESET, X1, X2) 


VIH 
Input High Voltage 
2.0 
Vcc 
V 
(All Except XT AL 1, 
XTAL2, RESET) 


VIH1 
Input High Voltage 
3.8 
VCC 
V 
(X1, X2, RESET) 


VOL 
Output Low Voltage 
0.45 
V 
IOL = 2.0mA 
(BUS) 


VOL1 
Output Low Voltage 
0.45 
V 
IOL = 1.8 mA 
(RD, WR, PSEN, ALE) 


VOL2 
Output Low Voltage 
0.45 
V 
IOL = 1.0 mA 
(PROG) 


VOL3 
Output Low Voltage 
0.45 
V 
IOL = 1.6 mA 
(All Other Outputs) 


VOL4 
Output Low Voltage 
0.45 
V 
IOL = 10 mA 
(Any Four Port Outputs) 


VOH 
Output High Voltage 
2.4 
V 
IOH = -400 
fLA 
(BUS) 


VOH1 
Output High Voltage 
2.4 
V 
IOH = -100 
fLA 
(RD, WR, PSEN, ALE) 


VOH2 
Output High Voltage 
2.4 
V 
IOH = -40 
fLA 
(All Other Outputs) 


•• 


Symbol 
Parameter 
Limits 
Unit 
Test Conditions 
Min 
Typ 
Max 


1L1 
Leakage Current 
±10 
/LA 
VSS 5: VIN 5: Vee 
(T1, INT) 


IU1 
Input Leakage Current 
-500 
/LA 
Vss + 0.45 5: VIN 5: Vee 


(P10-P17, 
P20-P27, 
EA,SS) 


IU2 
Input Leakage Current 
-10 
-300 
/LA 
Vss 5: VIN 5: 3.8 
RESET 


ILO 
Leakage Current 
±10 
/LA 
VSS 5: VIN 5: Vee 


(BUS, TO) (High 
Impedance 
State) 


100 
Voo Supply Current 
3 
5 
mA 
(RAM Standby) 
4 
7 
mA 


5 
10 
mA 


100 + 
Total Supply Current' 
30 
65 
mA 


Ice 
35 
70 
mA 


40 
80 
mA 


30 
100 
mA 


50 
110 
mA 


Voo 
RAM Standby Voltage 
2.2 
5.5 
V 
Standby 
Mode Reset 
5: VIL1 


2.2 
5.5 
V 


2.2 
5.5 
V 


'Iee + 100 are measured 
with all outputs 
in their high impedance 
state; 
RESET 
low; 8 MHz crystal 
applied; 
INT, 85, and EA 


floating. 
tAny 
four Port Outputs 
can be loaded 
to a 10 mA maximum. 
Excessive 
heating 
and dissipation 
will result 
if more than four 


outputs 
are loaded 
to 10 mA. 


f (t) 
8MHz 
Conditions 
Symbol 
Parameter 
(Note 3) 
Unit 
(Note 
1) 
Min 
Max 


t 
Clock Period 
1/xtal freq 
125 
1000 
ns 
(Note 3) 


tLL 
ALE Pulse Width 
3.5t-170 
268 
ns 


tAL 
Addr Setup to ALE 
2t-110 
140 
ns 
(Note 2) 


tLA 
Addr Hold from ALE 
t-40 
85 
ns 


tCCl 
Control 
Pulse Width (RD, WR) 
7.5t-200 
675 
ns 


tCC2 
Control 
Pulse Width (PSEN) 
6t-200 
550 
ns 


tow 
Data Setup before WR 
6.5t-200 
613 
ns 


two 
Data Hold after WR 
t-50 
75 
ns 


tOR 
Data Hold (RD, PSEN) 
1.5t-30 
0 
158 
ns 


tRol 
RD to Data in 
6t-170 
580 
ns 


tRo2 
PSEN to Data in 
4.5t-170 
393 
ns 


tAW 
Addr Setup to WR 
5t-150 
475 
ns 


tAol 
Addr Setup to Data (RD) 
10.5t-220 
1093 
ns 


tAo2 
Addr Setup to Data (PSEN) 
7.5t-200 
738 
ns 


tAFCl 
Addr Float to RD, WR 
2t-40 
210 
ns 
(Note 2) 


tAFC2 
Addr Float to PSEN 
0.5t-40 
23 
ns 
(Note 2) 


tLAFCl 
ALE to Control (RD, WR) 
3t-75 
300 
ns 


tLAFC2 
ALE to Control (PSEN) 
1.5t-75 
, 
113 
ns 


tCAl 
Control to ALE (RD, WR, PROG) 
t-65 
60 
ns 


tCA2 
Control to ALE (PSEN) 
4t-70 
430 
ns 


tep 
Port Control Setup to PROG 
1.5t-80 
108 
ns 


tpc 
Port Control 
Hold to PROG 
4t-260 
240 
ns 


tpR 
PROG to P2 Input Valid 
8.5t-120 
943 
ns 


tpF 
Input Data Hold from PROG 
1.5t 
0 
188 
ns 


top 
Output Data Setup 
6t-290 
460 
ns 


tpo 
Output Data Hold 
1.5t-90 
98 
ns 


tpp 
PROG Pulse Width 
10.5t-250 
1063 
ns 


tpL 
Port 2 I/O Setup to ALE 
4t-200 
300 
ns 


tLP 
Port 2 I/O Hold to ALE 
0.5t-30 
33 
ns 


tpv 
Port Output from ALE 
4.5t+ 
100 
663 
ns 


toPRR 
TO Rep Rate 
3t 
375 
ns 


tCY 
Cycle Time 
15t 
1.87 
28 
p.s 


NOTES: 
1. Control 
outputs: 
CL = 80 pF. BUS Outputs: 
CL = 150 pF. 


2. BUS High Impedance 
Load 20 pF 


3. f(t) assumes 
50% 
duty cycle 
on Xl, 
X2. Max clock 
period 
is for a 1 MHz crystal 
input. 
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INSTRUCTION 
FETCH 
FROM PROGRAM 
MEMORY 


EXPANDER 
PORT 


INPUT 


2.4Y 
---~ 
x== 
X:::: TEST POINTS:~:: 
O.45Y 
----. 
. 


270790-6 
A.C. testing 
inputs 
are driven 
at 2.4V for a logic "1" 
and 0.45V for 
a logic 
"0". 
Output 
timing 
measurements 
are made 
at 2.0V for a 


logic 
"1" 
and 0.8V for a logic 
"0". 


P24-27 
"0-17 
OUTPUT 


ILP 


EXPANDER 
PORT 


OUTPUT 


I 
PCH 


I 


NEW PORT 
9A104 


intel~ 


C1 


~a 


C1 


~ 


l 
1" 
11Hz 
=- 
C1"C2"33pftS'Io= 


C3 


1-11 
MHz 
e=; 


270790-8 


C1 = 5 pF ±Y2 pF + (STRAY < 5 pF) 
C2 = (CRYSTAL + STAY) < 8 pF 
C3 = 20 pF ±1 pF + (STRAY < 5 pF) 


Crystal series resistance should be less than 50n at 8 MHz; iess 
than 75n at 6 MHz; less than 180n at 3.6 MHz. 


TTLOPEN 
COLLECTOR 
GATES 


270790-10 
For XTAL1 and XlAL2 define "high" as voltages above 1.6V and 
"low" 
as voltages below 1.6V. The duty cycle requirements for 
elcternally driving XTAL1 and XTAL2 using the circuits shown 
above are as follows: XTAL1 must be high 35-65% of the period 
and XlAL2 must be high 35-65% of the period. Rise and fall times 
must be faster than 20 ns. 


•• 


The following 
is a list of the pins used for verification 
and a description 
of their functions: 


Pin 
Function 


XTAL1 
Clock Input (3 to 4.0 MHz) 


XTAL2 
RESET 
Initialization 
and Address 
Latching 


TO 
Selection 
of Program or Verifying 
Mode 
EA 
Activation 
Verify Modes 
BUS 
Address 
and Data Output During Verify 
P20-P22 
Address 
Input 


WARNING: 


An indication 
of a properly 
socketed 
part is the ap- 


pearance 
of the ALE clock 
output. 
The lack of this 


clock 
may be used to disable 
the programmer. 


The Verify sequence 
is: 


1. VDD = 5V, Clock applied or internal oscillator 
op- 


erating, 
RESET = OV, EA = 5V, BUS floating. 


2. Insert 8049KB 
in verify socket 


3. EA = 12V (activate 
verify mode) 


4. Address 
applied 
to BUS and P20-23 


5. RESET 
= 5V (latch address) 


6. Read and verify Data on BUS 


7. RESET 
= OV and repeat from step 4 


8. Verify socket 
should be at conditions 
of step 1 for 


removal 
from socket. 


ALE 
(NOTE 
1) 


'12V I 
EA---1 
I: (lNPUTI 


I 
I 
I 
IH 
A_D_D_R_E_S_S__ K;]---------- 


: 
(INPUT) 
(OUTPUT) 
: 


RESET 
---------,____ 
! 
_ 


I (INPUT) 
I 


: 
' 
I 
• 


P2o-P23 
=========A=D=D=R=E=S=S=========H=======A=D=D==RE=S=S======== 
_ 
I (INPUT) 


I 


DB 
A_D_D_R_E_S_S__ H ROM 
DATA 


(INPUTI 
(OUTPUT) 


50H 


ADDR 


ADDR 


NOTE: 
ALE is function 
of Xl, X2 inputs. 
•• 


intel~ 
MCS®-48 
EXPRESS 


• 
o·e to 70·e Operation 


• 
- 40·e to + 85·e Operation 


• 
168 Hr. Burn-In 


• 
8048AH/8035AHL 


• 
8049AH/8039AHL 


• 
8050AH/8040AHL 


• 
8748H 


• 
8243 
• 
8749H 


The new Intel EXPRESS family of single-component 
8-bit microcomputers 
offers enhanced 
processing 
options 
to the familiar 
8048AH/8035AHL, 
8748H, 
8049AH/8039AHL, 
8749H. 
8050AH/8040AHL 
Intel components. 


These 
EXPRESS 
products 
are designed 
to meet the needs 
of those 
applications 
whose 
operating 
require- 
ments exceed 
commercial 
standards, 
but fall short of military conditions. 


The EXPRESS 
options 
include 
the commercial 
standard 
and - 40°C to + 85°C operation 
with or without 
168 
± 8 hours 
of dynamic 
burn-in 
at 125°C per MIL-STO-883. 
method 
1015. 
Figure 
1 summarizes 
the option 
marking 
designators 
and package 
selections. 


For a complete 
description 
of 8048AH/8035AHL, 
8748H. 
8049AH/8309AHL, 
8749H. 
8040AHL 
and 8050AH 
features 
and operating 
characteristics, 
refer to the respective 
standard 
commercial 
grade 
data sheet. 
This 
document 
highlights 
only the electrical 
specifications 
which differ from the respective 
commercial 
part. 


I 
Temp 
Range ·C 
0-70 
-40-+85 
0-70 
-40-+85 
I 
Burn 
In 
o Hrs 
o Hrs 
168 Hrs 
168 Hrs 


P8048AH 
TP8048AH 
QP8048AH 
LP8048AH 
08048AH 
T08048AH 
Q08048AH 
LD8048AH 
08748H 
T08748H 
Q08748H 
LD8748H 
P8035AHL 
TP8035AHL 
QP8035AHL 
LP8035AHL 
08035AHL 
T08035AHL 
Q08035AHL 
L08035AHL 
P8049AH 
TP8049AH 
QP8049AH 
LP8049AH 
08049AH 
TD8049AH 
Q08049AH 
L08049AH 
08749H 
T08749AH 
Q08749H 
L08749AH 
P8039AHL 
TP8039AHL 
QP8039AHL 
LP8039AHL 
08039AHL 
T08039AHL 
Q08039AHL 
L08039AHL 
P8050AH 
TP8050AH 
QP8050AH 
LP8050AH 
08050AH 
T08050AH 
Q08050AH 
L08050AH 
P8040AHL 
. 
TP8040AHL 
QP8040AHL 
LP8040AHL 
08040AHL 
T08040AHL 
Q08040AHL 
L08040AHL 
P8243 
TP8243 
QP8243 
- 
08243 
T08243 
Q08243 
L08243 


• Commercial 
Grade 
P Plastic 
Package 
o Cerdip 
Package 


TP8048AH/TP8035AHL/LP8048AH/LP8035AHL 
TD8048AH/TD8035AHL/LD8048AH/LD8035AHL 


Symbol 
Parameter 
Limits 
Unit 
Test Conditions 
Mln 
Typ 
Max 


VIH 
Input High Voltage 
(All Except 
2.2 
Vee 
V 
XTAL 1, XTAL2, RESET) 


100 
Voo Supply Current 
4 
8 
mA 


'DO + Ice 
Total Supply Current 
40 
80 
mA 


TP8049AH/TP8039AHL/LP8049AH/LP8039AHL 
TD8049AH/TD8039AHL/LD8049AH/LD8039AHL 


Symbol 
Parameter 
Limits 
Unit 
Test Conditions 
Min 
Typ 
Max 


VIH 
Input High Voltage 
(All Except 
2.2 
Vee 
V 
XT AL 1, XT AL2, RESET) 


100 
Voo Supply Current 
5 
10 
mA 


100 + Ice 
Total Supply Current 
50 
100 
mA 


TP8050AH/TP8040AHL/LP8050AHL/LP8040AHL 
TD8050AH/TD8040AHL/LD8050AH/LD8040AHL 


Symbol 
Parameter 
Limits 
Unit 
Test Conditions 
Min 
Typ 
Max 


VIH 
Input High Voltage 
(All Except 
2.2 
Vee 
V 
XTAL 1, XTAL2, RESET) 


100 
Voo Supply Current 
10 
20 
mA 


100 + Ice 
Total Supply Current 
75 
120 
mA 
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Symbol 
Parameter 
Limits 
Unit 
Test Conditions 
Min 
Typ 
Max 


VIH 
Input High Voltage 
(All Except 
2.2 
Vee 
V 
XT AL 1, XTAL2, RESET) 


100 + Ice 
Total Supply Current 
50 
130 
mA 


Symbol 
Parameter 
Limits 
Unit 
Test Conditions 
Min 
Typ 
Max 


VIH 
Input High Voltage 
(All Except 
2.2 
Vee 
V 
XTAL1,XTAL2,RESET) 


100 + Ice 
Total Supply Current 
75 
150 
mA 


Symbol 
Parameter 
Limits 
Unit 
Test Conditions 
Min 
I 
Typ 
I 
Max 


Ice 
Vee Supply Current 
I 
15 
I 
25 
mA 
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The 8051 is the original 
member 
of the MCS@-51 family, and is the core for all MCS-51 
devices. The features 
of the 
8051 core are: 


• 
8-bit CPU 
optimized 
for control 
applications 


• 
Extensive 
Boolean 
processing 
(single-bit 
logic) capabilities 


• 
64K Program 
Memory 
address 
space 


• 
64K Data 
Memory 
address 
space 


• 
On-chip 
Program 
Memory 


• 
128 bytes of on-chip 
Data 
RAM 


• 
32 bidirectional 
and individually 
addressable 
110 lines 


• 
Two 
16-bit timer/counters 


• 
Full duplex 
UART 


• 
6-source/5-vector 
interrupt 
structure 
with two priority 
levels 


• 
On-chip 
clock oscillator 


} 
COUNTER 
INPUTS • 


PROGRAl.l 
l.lEl.lORY 
(READ 
ONLY) 
----_ ...._--_._.--------. 


intelqp 


DATA l.lEl.lORY 


(READ/WRITE) 
.------_.------------------- 


INTERNAL 


FFH'~- 
••• 
_. 
",,,, 


00 
0000 


Functionally, 
the 
CHMOS 
devices 
(designated 
with 


"c" in the middle 
of the device name) 
are all fully 


compatible 
with the 8051, but being CMOS, draw less 


current 
than an HMOS counterpart. 
To further 
exploit 


the power savings available in CMOS circuitry, 
two re- 
duced power modes are added: 


• 
Software-invoked 
Idle Mode, during which the CPU 
is turned 
off while 
the 
RAM 
and 
other 
on-chip 
peripherals 
continue 
operating. 
In this mode, 
cur- 
rent draw is reduced 
to about 
15% of the current 
drawn when the device is fully active. 


• 
Software-invoked 
Power Down Mode, during which 


all on-chip 
activities 
are 
suspended. 
The 
on-chip 
RAM 
continues 
to hold its data. 
In this mode the 
device typically 
draws less than 
10 IJ-A. 


Although 
the 80C51BH is functionally 
compatible 
with 
its HMOS counterpart, 
specific differences between the 


two types of devices must be considered 
in the design of 


an application 
circuit if one wishes to ensure complete 


interchangeability 
between 
the 
HMOS 
and 
CHMOS 
devices. These considerations 
are discussed 
in the Ap- 
plication 
Note 
AP-252, 
"Designing 
with 
the 
80C5IBH". 


For 
more 
information 
on the individual 
devices 
and 
features, 
refer to the Hardware 
Descriptions 
and Data 
Sheets of the specific device. 


MEMORY 
ORGANIZATION 
IN 


MCS®·51 
DEVICES 


Logical Separation 
of Program and 


Data Memory 


All MCS-51 
devices have separate 
address 
spaces for 


Program 
and Data Memory, 
as shown in Figure 2. The 


logical separation 
of Program 
and Data Memory allows 


the Data 
Memory 
to be accessed 
by 8-bit addresses, 


which can be more quickly stored and manipulated 
by 


an 8-bit CPU. 
Nevertheless, 
16-bit Data 
Memory 
ad- 


dresses can also be generated 
through 
the DPTR 
regis- 


ter. 


Program 
Memory 
can only be read, 
not written 
to. 


There can be up to 64K bytes of Program 
Memory. 
In 


the ROM 
and EPROM 
versions 
of these devices the 


lowest 4K, 8K or 16K bytes of Program 
Memory 
are 


provided 
on-chip. 
Refer to Table 
I for the amount 
of 


on-chip 
ROM 
(or EPROM) 
on each 
device. 
In the 


ROMless 
versions 
all Program 
Memory 
is external. 


The read strobe 
for external 
Program 
Memory 
is the 


signal PSEN (Program 
Store Enable). 


Data Memory occupies a separate address space from 
Program Memory. Up to 64K bytes of external RAM 
can be addressed in the external Data Memo~ace. 
The CPU generates read and write signals, RD and 
WR, as needed during external Data Memory accesses. 


External Program Memory and external Data Memory 
may be combined if desired by applying the RD and 
PSEN signals to the inputs of an AND gate and using 
the output of the gate as the read strobe to the external 
Program/Data 
memory. 


Figure 3 shows a map of the lower part of the Program 
Memory. After reset, the CPU begins execution from 
location OOOOH. 


As shown in Figure 3, each interrupt is assigned a fixed 
location in Program Memory. The interrupt causes the 
CPU to jump to that location, where it commences exe- 
cution of the service routine. External Interrupt 0, for 
example, is assigned to location 0003H. If External In- 
terrupt ° is going to be used, its service routine must 
begin at location 0003H. If the interrupt is not going to 
be used, its service location is available as general pur- 
pose Program Memory. 


00lBH=r 
8 BYTES 
0013H 


The interrupt service locations are spaced at 8-byte in- 
tervals: 0003H for External Interrupt 
0, OOOBHfor 
Timer 0, OO13Hfor External Interrupt 
I, OOIBH for 
Timer 1, etc. If an interrupt service routine is short 
enough (as is often the case in control applications), it 
can reside entirely within that 8-byte interval. Longer 
service routines can use a jump instruction to skip over 
subsequent interrupt locations, if other interrupts are in 
use. 


The lowest 4K (or 8K or 16K or 32K) bytes of Pro- 
gram Memory can be either in the on-chip ROM or in 
an external ROM. This selection is made by strapping 
the EA (External Access) pin to either VCC or VSS' 


In the 4K byte ROM devices, if the EA pin is strapped 
to Vcc' then program 
fetches to addresses OOOOH 
through OFFFH are directed to the internal ROM. Pro- 
gram fetches to addresses lOOOHthrough FFFFH 
are 
directed to external ROM. 


In the 8K byte ROM devices, EA = Vcc selects ad- 
dresses OOOOHthrough IFFFH to be internal, and ad- 
dresses 2000H through FFFFH to be external. 


In the 16K byte ROM devices, EA = VCC selects ad- 
dresses OOOOHthrough 3FFFH to be internal, and ad- 
dresses 4000H through FFFFH to be external. 


If the EA pin is strapped to Vss' then all program 
fetches are directed to external ROM. The ROMless 
parts must have this pin externally strapped to VSSto 
enable them to execute properly. 


The read strobe to external ROM, PSEN, is used for all 
external program fetches. PSEN is not activated for in- 
ternal program fetches. 


]- 


Figure 4. Executing 
from External 
Program 
Memory 


The hardware configuration for external program exe- 
cution is shown in Figure 4. Note that 16 I/O lines 
(Ports ° and 2) are dedicated to bus functions during 
external Program Memory fetches. Port °(POin Figure 
4) serves as a multiplexed address/data 
bus. It emits 
the low byte of the Program Counter (PCL) as an ad- 
dress, and then goes into a float state awaiting the arriv- 
al of the code byte from the Program Memory. During 
the time that the low byte of the Program Counter is 
valid on PO, the signal ALE (Address Latch Enable) 
clocks this byte into an address latch. Meanwhile, Port 
2 (P2 in Figure 4) emits the high byte of the Program 
Counter (PCH). Then PSEN strobes the EPROM and 
the code byte is read into the microcontroller. 


• 


Program 
Memory 
addresses 
are always 
16 bits wide, 
even though 
the actual 
amount 
of Program 
Memory 
used may be less than 
64K bytes. 
External 
program 
execution sacrifices two of the 8-bit ports, PO and P2, to 
the function 
of addressing 
the Program 
Memory .. 


The right half of Figure 2 shows the internal and exter- 
nal Data Memory 
spaces available to the MCS-51 user. 


Figure 
5 shows a hardware 
configuration 
for accessing 
up to 2K bytes of external RAM. The CPU in this case 
is executing 
from 
internal 
ROM. 
Port 
0 serves as a 
multiplexed 
address/data 
bus to the RAM, 
and 3 lines 
of Port 
2 are being used to page the RAM. 
The CPU 
generates 
RD and WR signals as needed during exter- 
nal RAM 
accesses. 


Figure 5. Accessing 
External 
Data Memory. 
If the Program 
Memory 
is Internal, 
the Other 
Bits of P2 are Available 
as I/O. 


There can be up to 64K bytes of external 
Data Memo- 
ry. External 
Data Memory addresses can be either 
I or 
2 bytes wide. One-byte addresses 
are often used in con- 
junction 
with one or more other 110 lines to page the 
RAM, 
as shown in Figure 
5. Two-byte 
addresses 
can 
also be used, in which 
case the high address 
byte is 
emitted 
at Port 2. 


rrH r - - - - - - - - r----., FFH 


: 
ACCESSIBLE 
ACCESSIBLE 
UPPER 
• 
BY INDIRECT 
BY 
DIRECT 


t 28 
• ADDRESSING 
ADDRESSING 


80H: 
ONLY 


7FH 


LOWER 
128 


,ACCESSIBLE 
BY DIRECT 
AND 
INDIRECT 
ADDRESSING 
OL... 
.J 


80H 


"- 
SPECIAL 
} PORTS 
FUNCTION 
STATUS 
AND 
REGISTERS 
CONTROL 
BITS 


TI~ER 
REGISTERS 
STACK 
POINTER 
ACCU~ULATOR 
(ETC.~ 
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Internal 
Data 
Memory 
is mapped 
in Figure 
6. The 
memory 
space 
is shown 
divided 
into 
three 
blocks, 
which are generally 
referred 
to as the Lower 
128, the 
Upper 
128, and SFR space. 


Internal 
Data 
Memory 
addresses 
are always one byte 
wide, which implies an address space of only 256 bytes. 
However, 
the addressing 
modes for internal 
RAM 
can 
in fact accommodate 
384 bytes, using a simple 
trick. 
Direct 
addresses 
higher than 7FH access one memory 
space, and indirect addresses 
higher than 7FH access a 
different 
memory 
space. Thus Figure 
6 shows the Up- 
per 128 and SFR space occupying 
the same block of 
addresses, 
80H through 
FFH, 
although 
they are physi- 
cally separate 
entities. 


7FH 


2FH 


} 
BI 
(B 


2DH 


IFH 
18H 


17H 
10H 
4 


OFH 
8 
R 
08H 


D7H 
- 


0 


BANK 
SELECT 
BITS IN 


PSW~ 
11{ 


10{ 


01 { 


00 { 


BANKS 
OF 
REGISTERS 
0-R7 


RESET VALUE 
OF 
STACK 
POINTER 
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The 
Lower 
128 bytes 
of RAM 
are 
present 
in 
all 
MCS-51 devices as mapped 
in Figure 7. The lowest 32 
bytes are grouped 
into 4 banks of 8 registers. 
Program 
instructions 
call out these registers 
as RO through 
R 7. 


Two bits in the Program 
Status 
Word 
(PSW) 
select 
which register bank is in use. This allows more efficient 
use of code space, since register instructions 
are shorter 
than instructions 
that use direct addressing. 


AVAILABLE 
AS STACK 
SPACE 
IN DEVICES 
WITH 
256 
BYTES 
RA~ 


;"+_1 
J 
PSW 7 
CARRY FLAG RECEIVES CARRY OUT 
FROM BIT t OF ALU OPERANOS 


PSW 6 
AUXILIARY CARRY FLAG RECEIVES 
CARRY OUT FROM BIT 1 OF 
AODITION OPERANOS 


"L~~;~~~~~~;~~~~R~~~:A~NS-' 
.-_ 
•• ---- 


AN 000 
NUMBER OF t S, OTHERWISE 
IT IS RESET TO 0 


PSW t 
USER OEFINABLE FLAG 


l- 
PSW2 


OVERFLOW FLAG SET BY 
ARITHMETIC OPERATIONS 


The next 16bytes above the register banks form a block 
of bit-addressable memory space. The MCS-51 instruc- 
tion set includes a wide selection of single-bit instruc- 
tions, and the 128 bits in this area can be directly ad- 
dressed by these instructions. The bit addresses in this 
area are OOHthrough 7FH. 


All of the bytes in the Lower 128 can be accessed by 
either direct or indirect addressing. The Upper 
128 
(Figure 8) can only be accessed by indirect addressing. 
The Upper 128 bytes of RAM are not implemented in 
the 8051, but are in the devices with 256 bytes of RAM. 
(See Table I). 


Figure 9 gives a brief look at the Special Function Reg- 
ister (SFR) space. SFRs include the Port latches, tim- 
ers, peripheral controls, etc. These registers can only be 
accessed by direct addressing. In general, all MCS-51 
microcontrollers have the same SFRs as the 8051, and 
at the same addresses in SFR space. However, enhance- 
ments to the 8051 have additional SFRs that are not 
present in the 8051, nor perhaps in other proliferations 
of the family. 


ACC 


, 


PORT 3 
; 


PORT 2 


PORT 1 
, 


PORT 0 


-PORT 
PINS 
-ACCUMULATOR 
-PSW 
(ETC.) 


AODRESSES THAT END IN 
OH OR 8H ARE ALSO 
BIT-ADDRESSABLE 


Sixteen addresses in SFR space are both byte- and bit- 
addressable. The bit-addressable SFRs are those whose 
address ends in OOOB.The bit addresses in this area are 
80H through FFH. 


All members of the MCS-51 family execute the same 
instruction 
set. The MCS-51 instruction 
set is opti- 
mized for 8-bit control applications. It provides a vari- 
ety of fast addressing modes for accessing the internal 
RAM to facilitate byte operations on small data struc- 
tures. The instruction set provides extensive support for 
one-bit variables as a separate data type, allowing direct 
bit manipulation in control and logic systems that re- 
quire Boolean processing. 


An overview of the MCS-51 instruction set is presented 
below, with a brief description of how certain instruc- 
tions might be used. References to "the assembler" in 
this discussion are to Intel's MCS-51 Macro Assembler, 
ASM51. More detailed information on the instruction 
set can be found in the MCS-51.Macro Assembler Us- 
er's Guide (Order No. 9800937 for ISIS Systems, Order 
No. 122752 for DOS Systems). 


The Program 
Status Word (PSW) contains 
several 
status bits that reflect the current state of the CPU. The 
PSW, shown in Figure 10, resides in SFR space. It con- 
. tains the Carry bit, the Auxiliary Carry (for BCD oper- 
ations), the two register bank select bits, the Overflow 
flag, a Parity bit, and two user-definable status flags. 


The Carry bit, other than serving the functions of a 
Carry bit in arithmetic operations, also serves as the 
"Accumulator" 
for a number of Boolean operations. 


• 


The bits RSOand RS1 are used to select one of the four 
register banks shown in Figure 7. A number of instruc- 
tions refer to these RAM locations as RO through R7. 
The selection of which of the four banks is being re- 
ferred to is made on the basis of the bits RSO and RSI 
at execution time. 


The Parity bit reflects the number of Is in the Accumu- 
lator: P = 1 if the Accumulator contains an odd num- 
ber of Is, and P = 0 if the Accumulator contains an 
even number of Is. Thus the number of Is in the Accu- 
mulator plus P is always even. 


Two bits in the PSW are uncommitted and may be used 
as general purpose status flags. 


The addressing modes in the MCS-5l instruction set 
are as follows: 


In direct addressing the operand is specified by an 8-bit 
address field in the instruction. 
Only internal Data 
RAM and SFRs can be directly addressed. 


In indirect addressing the instruction specifies a register 
which contains the address of the operand. Both inter- 
nal and external RAM can be indirectly addressed. 


The address register for 8-bit addresses can be RO or 
R 1 of the selected register bank, or the Stack Pointer. 
The address register for l6-bit addresses can only be the 
l6-bit "data pointer" register, DPTR. 


The register banks, containing registers ROthrough R7, 
can be accessed by certain instructions which carry a 
3-bit register specification within the opcode of the in- 
struction. Instructions that access the registers this way 
are code efficient, since this mode eliminates an address 
byte. When the instruction is executed, one of the eight 
registers in the selected bank is accessed. One of four 
banks is selected at execution time by the two bank 
select bits in the PSW. 


Some instructions are specific to a certain register. For 
example, some instructions always operate on the Ac- 
cumulator, or Data Pointer, etc., so no address byte is 
needed to point to it. The opcode itself does that. In- 
structions that refer to the Accumlator as A assemble 
as accumulator-specific opcodes. 


The value of a constant can follow the opcode in Pro- 
gram Memory. For example, 


loads the Accumulator with the decimal number 100. 
The same number could be specified in hex digits as 
64H. 


Only Program Memory can be accessed with indexed 
addressing, and it can only be read. This addressing 
mode is.intended for reading look-up tables in Program 
Memory. A l6-bit base register (either DPTR or the 
Program Counter) points to the base of the table, and 
the Accumulator is set up with the table entry number. 
The address of the table entry in Program Memory is 
formed by adding the Accumulator 
data to the base 
pointer. 


Another type of indexed addressing is used in the "case 
jump" instruction. In this case the destination address 
of a jump instruction is computed as the sum of the 
base pointer and the Accumulator data. 


The menu of arithmetic instructions is listed in Table 2. 
The table indicates the addressing modes that can be 
used with each instruction to access the < byte> oper- 
and. For example, the ADD A, <byte> 
instruction can 
be written as: 


ADD 
ADD 
ADD 
ADD 


A,7FH 
A,@RO 
A,R7 
A,#127 


(direct addressing) 
(indirect addressing) 
(register addressing) 
(immediate constant) 


The execution times listed in Table 2 assume a 12 MHz 
clock frequency. All of the arithmetic instructions exe- 
cute in 1 J-Ls except the INC DPTR instruction, which 
takes 2 J-Ls, and the Multiply and Divide instructions, 
which take 4 J-Ls. 


Note that any byte in the internal Data Memory space 
can be incremented 
or decremented 
without 
going 
through the Accumulator. 


One of the INC instructions operates on the l6-bit 
Data Pointer. The Data Pointer is used to generate 
l6-bit addresses for external memory, so being able to 
increment it in one l6-bit operation is a useful feature. 


The MUL AB instruction multiplies the Accumulator 
by the data in the B register and puts the l6-bit product 
into the concatenated B and Accumulator registers. 


Mnemonic 
Operation 
Addressing 
Modes 
Execution 


Dir 
Ind 
Reg 
Imm 
Time (/Ls) 


ADD 
A, <byte> 
A = A + 
<byte> 
X 
X 
X 
X 
1 


ADDC 
A, < byte> 
A = A + 
<byte> 
+ C 
X 
X 
X 
X 
1 


SUBB 
A,<byte> 
A = A - 
<byte> 
- 
C 
X 
X 
X 
X 
1 


INC 
A 
A=A+1 
Accumulator 
only 
1 


INC 
<byte> 
<byte> 
= 
<byte> 
+ 1 
X 
X 
X 
1 


INC 
DPTR 
DPTR = DPTR + 1 
Data Pointer only 
2 


DEC 
A 
A=A-1 
Accumulator 
only 
1 


DEC 
<byte> 
<byte> 
= 
<byte> 
- 
1 
X 
X 
X 
1 


MUL 
AB 
B:A = BicA 
ACC and B only 
4 


DIV 
AB 
A = Int [A/B] 
ACC and B only 
4 
B = Mod [A/B] 


DA 
A 
Decimal Adjust 
Accumulator 
only 
1 


The DIV AB instruction divides the Accumulator by 
the data in the B register and leaves the 8-bit quotient 
in the Accumulator, and the 8-bit remainder in the B 
register. 


completes the shift in 4 /Ls and leaves the B register 
holding the bits that were shifted out. 


Oddly enough, DIV AB finds less use in arithmetic 
"divide" routines than in radix conversions and pro- 
grammable shift operations. An example of the use of 
DIV AB in a radix conversion will be given later. In 
shift operations, dividing a number by 2n shifts its n 
bits to the right. Using DIV AB to perform the division 


The DA A instruction is for BCD arithmetic opera- 
tions. In BCD arithmetic, ADD and ADDC instruc- 
tions should always be followed by a DA A operation, 
to ensure that the result is also in BCD. Note that DA 
A will not convert a binary number to BCD. The DA 
A operation produces a meaningful result only as the 
second step in the addition of two BCD bytes. 


Mnemonic 
Operation 
Addressing 
Modes 
Execution 


Dir 
Ind 
Reg 
Imm 
Time (/Ls) 


ANL 
A,<byte> 
A = A .AND. <byte> 
X 
X 
X 
X 
1 


ANL 
<byte> 
,A 
<byte> 
= 
<byte> 
.AND.A 
X 
1 


ANL 
<byte> 
,#data 
<byte> 
= 
<byte> 
.AND. #data 
X 
2 


ORL 
A,<byte> 
A = A .OR. <byte> 
X 
X 
X 
X 
1 


ORL 
<byte> 
,A 
<byte> 
= 
<byte>.OR.A 
X 
1 


ORL 
<byte> 
,#data 
<byte> 
= 
<byte> 
.OR.#dffia 
X 
2 


XRL 
A, <byte> 
A = A .XOR. <byte> 
X 
X 
X 
X 
1 


XRL 
<byte> 
,A 
<byte> 
= 
<byte> 
.XOR.A 
X 
1 


XRL 
<byte> 
,#data 
< byte> 
= 
< byte> 
.XOR. # data 
X 
2 


CRL 
A 
A = OOH 
Accumulator 
only 
1 


CPL 
A 
A = .NOT.A 
Accumulator 
only 
1 


RL 
A 
Rotate ACC Left 1 bit 
Accumulator 
only 
1 


RLC 
A 
Rotate Left through Carry 
Accumulator 
only 
1 


RR 
A 
Rotate ACC Right 1 bit 
Accumulator 
only 
1 


RRC 
A 
Rotate Right through 
Carry 
Accumulator 
only 
1 


SWAP A 
Swap Nibbles in A 
Accumulator 
only 
1 


• 


Table 
3 shows 
the list of MCS-51 
logical 
instructions. 


The 
instructions 
that 
perform 
Boolean 
operations 


(AND, 
OR, Exclusive 
OR, NOT) 
on bytes perform 
the 


operation 
on a bit-by-bit 
basis. That 
is, if the Accumu- 
lator 
contains 
OOIlOIOIB 
and 
<byte> 
contains 
OIOIOOIIB, 
then 


The 
addressing 
modes 
that 
can be used 
to access 
the 


<byte> 
operand 
are listed in Table 
3. Thus, 
the ANL 
A, <byte> 
instruction 
may take any of the forms 


ANL 
ANL 
ANL 
ANL 


(direct 
addressing) 
(indirect 
addressing) 
(register 
addressing) 
(immediate 
constant) 


A,7FH 
A,@RI 
A,R6 
A,#53H 


All of the 
logical 
instructions 
that 
are 
Accumulator- 
specific 
execute 
in I/-Ls (using 
a 12 MHz 
clock). 
The 


others 
take 2 /-Ls. 


Note that Boolean 
operations 
can be performed 
on any 
byte in the lower 
128 internal 
Data 
Memory 
space or 
the SFR space using direct 
addressing, 
without 
having 


to use the Accumulator. 
The XRL 
<byte>, 
#data 
in- 


struction, 
for example, 
offers a quick 
and easy way to 
invert 
port bits, as in 


If the operation 
is in response 
to an interrupt, 
not using 
the Accumulator 
saves the time and effort to stack it in 
the service 
routine. 


The 
SWAP 
A instruction 
interchanges 
the 
high 
and 


low nibbles 
within 
the Accumulator. 
This 
is a useful 


operation 
in BCD 
manipulations. 
For 
example, 
if the 


Accumulator 
contains 
a binary 
number 
which is known 


to be less than 
100, it can be quickly 
converted 
to BCD 
by the following 
code: 


MOY 
DIY 
SWAP 
ADD 


B,#IO 
AB 
A 
A,B 


Dividing 
the number 
by 10 leaves the tens digit in the 


low nibble of the Accumulator, 
and the ones digit in the 


B register. 
The SWAP 
and ADD 
instructions 
move the 


tens digit 
to the high 
nibble 
of the Accumulator, 
and 


the ones digit to the low nibble. 


Table 
4 shows 
the menu 
of instructions 
that are avail- 


able for moving 
data around 
within 
the internal 
memo- 


ry spaces, 
and the addressing 
modes 
that 
can be used 


with each 
one. With 
a 12 MHz 
clock, 
all of these 
in- 


structions 
execute 
in either 
I or 2 /-Ls. 


The MOY 
< dest >, 
< src > instruction 
allows 
data 
to 


be transferred 
between 
any two internal 
RAM 
or SFR 
locations 
without 
going through 
the Accumulator. 
Re- 


member 
the Upper 
128 byes of data 
RAM 
can be ac- 


cessed only by indirect 
addressing, 
and SFR space only 


by direct 
addressing. 


Note 
that 
in all MCS-51 
devices, 
the stack 
resides 
in 


on-chip 
RAM, 
and grows upwards. 
The PUSH 
instruc- 


tion first increments 
the Stack Pointer 
(SP), then copies 


the byte into the stack. 
PUSH 
and POP use only direct 


addressing 
to identify 
the byte being saved or restored, 


The Rotate 
instructions 
(RL A, RLC 
A, etc.) shift the 


Accumulator 
I bit to the left or right. 
For a left rota- 


tion, 
the MSB rolls into the LSB position. 
For a right 


rotation, 
the LSB rolls into the MSB position. 


Table 4. A List of the MCS®·51 
Data Transfer 
Instructions 
that Access 
Internal 
Data Memory 
Space 


Mnemonic 
Operation 
Addressing 
Modes 
Execution 


Dir 
Ind 
Reg 
Imm 
Time (/-Ls) 


MOV 
A, <src> 
A= 
<src> 
X 
X 
X 
X 
1 


MOV 
<dest>,A 
<dest> 
=A 
X 
X 
X 
1 


MOV 
<dest> 
, <src> 
<dest> 
= 
<src> 
X 
X 
X 
X 
2 


MOV 
DPTR,#data16 
DPTR 
= 
16-bit immediate 
constant. 
X 
2 


PUSH 
<src> 
INC SP: 
MOV "@SP",<src> 
X 
2 


POP 
< dest > 
MOV <dest>, 
"@SP" 
: DEC SP 
X 
2 


XCH 
A, <byte> 
ACC and 
< byte> 
exchange 
data 
X 
X 
X 
1 


XCHD 
A,@Ri 
ACC and 
@Riexchange 
low nibbles 
X 
1 


Out the stack 
Itsell 
IS accessed 
by indirect 
addressing 
using the SP register. 
This means 
the stack can go into 
the Upper 
128, if they 
are implemented, 
but not into 
SFR space. 


In devices 
that do not implement 
the Upper 
128, if the 
SP points to the Upper 
128, PUSHed 
bytes are lost, and 
POPped 
bytes are indeterminate. 


The 
Data 
Transfer 
instructions 
include 
a 16-bit MaY 
that can be used to initialize 
the Data 
Pointer 
(DPTR) 
for look-up 
tables 
in Program 
Memory, 
or for 
16-bit 
external 
Data 
Memory 
accesses. 


The XCH 
A, <byte> 
instruction 
causes 
the Accumu- 
lator and addressed 
byte to exchange 
data. The XCHD 
A,@Ri 
instruction 
is similar, 
but only the low nibbles 
are involved 
in the exchange. 


To see how XCH 
and XCHD 
can be used to facilitate 
data manipulations, 
consider 
first the problem 
of shift- 
ing an 8-digit BCD number 
two digits to the right. Fig- 
ure II shows how this can be done using direct 
MaYs, 
and 
for comparison 
how 
it can 
be done 
using 
XCH 
instructions. 
To 
aid 
in understanding 
how 
the 
code 
works, 
the contents 
of the registers 
that are holding 
the 
BCD 
number 
and the content 
of the Accumulator 
are 
shown 
alongside 
each 
instruction 
to 
indicate 
their 
status 
after the instruction 
has been executed. 


2A 
28 
2C 
2D 
2E 
ACC 


MOV 
A,2EH 
00 
12 
34 
56 
78 
78 
MOV 
2EH,2DH 
00 
12 
34 
56 
56 
78 
MOV 
2DH,2CH 
00 
12 
34 
34 
56 
78 
MOV 
2CH,28H 
00 
12 
12 
34 
56 
78 
MOV 
28H,#0 
00 
00 
12 
34 
56 
78 
(a) Using direct MOVs: 14 bytes, 9 /Ls 


2A 
28 
2C 
2D 
2E 
ACC 


CLR 
A 
00 
12 
34 
56 
78 
00 
XCH 
A,28H 
00 
00 
34 
56 
78 
12 
XCH 
A,2CH 
00 
00 
12 
56 
78 
34 
XCH 
A,2DH 
00 
00 
12 
34 
78 
56 
XCH 
A,2EH 
00 
00 
12 
34 
56 
78 
(b) Using XCHs: 9 bytes, 5 /Ls 


Figure 11. Shifting 
a BCD Number 
Two Digits to the Right 


After 
the routine 
has been executed, 
the Accumulator 
contains 
the 
two 
digits 
that 
were 
shifted 
out 
on the 
right. Doing the routine 
with direct MaYs 
uses 14 code 
bytes and 9 /Ls of execution 
time (assuming 
a 12 MHz 
clock). 
The same operation 
with XCHs 
uses less code 
and executes 
almost 
twice as fast. 


To right-shift 
by an odd number 
of digits, 
a one-digit 
shift 
must 
be executed. 
Figure 
12 shows 
a sample 
of 
code that will right-shift 
a BCD 
number 
one digit, us- 
ing the XCHD 
instruction. 
Again, 
the contents 
of the 
registers 
holding 
the number 
and of the Accumulator 
are shown 
alongside 
each instruction. 


MOV 
R1,#2EH 
• 


MOV 
RO,#2DH 


loop for R1 = 2EH: 


LOOP: MOV 
A,@R1 
00 
12 34 
56 
78 
78 
XCHD A,@RO 
00 
12 34 
58 
78 
76 
SWAP A 
00 
12 34 
58 
78 
67 
MOV 
@R1,A 
00 
12 34 
58 
67 
67 
DEC 
R1 
00 
12 34 
58 
67 
67 
DEC 
RO 
00 
12 34 
58 67 
67 
CJNE 
R1,#2AH,LOOP 


loop for R1 = 2DH: 
I00 1121381451671 
45 
loop for R1 = 2CH: 
00 
18 23 
45 
67 
23 
loop for R1 = 28H: 
08 01 
23 
45 
67 
01 


CLR 
A 
I081 01 123145167/ 
00 
XCH 
A,2AH 
00 01 
23 
45 
67 
08 


Figure 12. Shifting a BCD Number 
One Digit to the Right 


First, 
pointers 
RI and RO are set up to point to the two 
bytes containing 
the last four BCD digits. Then 
a loop 
is executed 
which 
leaves 
the last byte, 
location 
2EH, 
holding 
the last two digits 
of the shifted 
number. 
The 
pointers 
are decremented, 
and the loop is repeated 
for 
location 
2DH. 
The 
CJNE 
instruction 
(Compare 
and 
Jump 
if Not 
Equal) 
is a loop control 
that 
will be de- 
scribed 
later. 


The loop is executed 
from 
LOOP 
to CJNE 
for RI 
2EH, 
2DH, 
2CH and 2BH. At that point the digit that 
was originally 
shifted 
out on the right 
has propagated 
to location 
2AH. 
Since that location 
should 
be left with 
Os, the lost digit is moved 
to the Accumulator. 


Table 5 shows a list of the Data Transfer instructions 
that access external Data Memory. Only indirect ad- 
dressing can be used. The choice is whether to use a 
one-byte address, @Ri, where Ri can be either RO or 
R I of the selected register bank, or a two-byte address, 
@DPTR. The disadvantage to using 16-bit addresses if 
only a few K bytes of external RAM are involved is 
that 16-bit addresses use all 8 bits of Port 2 as address 
bus. On the other hand, 8-bit addresses allow one to 
address a few K bytes of RAM, as shown in Figure 5, 
without having to sacrifice all of Port 2. 


All of these instructions 
execute in 2 ,...s, with a 
12 MHz clock. 


Table 5. A List of the MCS@-51 Data 
Transfer 
Instructions 
that Access 
External 
Data Memory 
Space 


Address 
Mnemonic 
Operation 
Execution 
Width 
Time 
().'s) 


8 bits 
MOVXA,@Ri 
Read external 
2 
RAM@Ri 


8 bits 
MOVX@Ri,A 
Write external 
2 
RAM@Ri 


16 bits 
MOVX A,@DPTR 
Read external 
2 
RAM@DPTR 


16 bits 
MOVX @DPTR,A 
Write external 
2 
RAM@DPTR 


Note that in all external Data RAM accesses, the Ac- 
cumulator is always either the destination or source of 
the data. 


The read and write strobes to external RAM are acti- 
vated only during the execution of a MOVX instruc- 
tion. Normally these signals are inactive, and in fact if 
they're not going to be used at all, their pins are avail- 
able as extra I/O lines. More about that later. 


Table 6 shows the two instructions that are available 
for reading lookup tables in Program Memory. Since 
these instructions access only Program Memory, the 
lookup tables can only be read, not updated. The mne- 
monic is MOVC for "move constant". 


If the table access is to external Program Memory, then 
the read strobe is PSEN. 


Table 6. The MCS@-51 Lookup 
Table Read Instructions 


Mnemonic 
Operation 
Execution 
Time 
().'s) 


MOVC 
A,@A+DPTR 
Read Pgm Memory 
2 


at (A+DPTR) 


MOVC 
A,@A+PC 
Read Pgm Memory 
2 


at (A+PC) 


The first MOVC instruction in Table 6 can accommo- 
date a table of up to 256 entries, numbered 0 through 
255. The number of the desired entry is loaded into the 
Accumulator, and the Data Pointer is set up to point to 
beginning of the table. Then 


The other MOVC instruction works the same way, ex- 
cept the Program Counter (PC) is used as the table 
base, and the table is accessed through a subroutine. 
First the number of the desired entry is loaded into the 
Accumulator, and the subroutine is called: 


MOV 
CALL 
A,ENTRY _NUMBER 
TABLE 


TABLE: 
MOVC 
A,@A+PC 
RET 


The table itself immediately follows the RET (return) 
instruction in Program Memory. This type of table can 
have up to 255 entries, numbered I through 255. Num- 
ber 0 can not be used, because at the time the MOVC 
instruction is executed, the PC contains the address of 
the RET instruction. An entry numbered 0 would be 
the RET opcode itself. 


MCS-51 devices contain a complete Boolean (single-bit) 
processor. The internal RAM contains 128 addressable 
bits, and the SFR space can support up to 128 other 
addressable bits. All of the port lines are bit-address- 
able, and each one can be treated as a separate single- 
bit port. The instructions that access these bits are not 
just conditional branches, 
but a complete menu of 


move, set, clear, complement, OR, and AND instruc- 
tions. These kinds of bit operations are not easily ob- 
tained in other architectures with any amount of byte- 
oriellted software. 


Table 7. A List of the MCS<K>·51 
Boolean 
Instructions 


Mnemonic 
Operation 
Execution 
Time (p.s) 


ANL 
C,bit 
C = C .AND. bit 
2 


ANL 
C,/bit 
C = C .AND.. NOT. bit 
2 


ORL 
C,bit 
C = C .OR. bit 
2 


ORL 
C,/bit 
C = C .OR. .NOT. bit 
2 


MOV 
C,bit 
C = bit 
1 


MOV 
bit,C 
bit = C 
2 


CLR 
C 
C=O 
1 


CLR 
bit 
bit = 0 
1 


SETS 
C 
C = 1 
1 


SETS 
bit 
bit = 1 
1 


CPL 
C 
C = .NOT. C 
1 


CPL 
bit 
bit = .NOT. bit 
1 


JC 
rei 
Jump ifC = 1 
2 
JNC 
rei 
Jump ifC = 0 
2 
JS 
bit,rel 
Jump ifbit = 1 
2 


JNS 
bit,rel 
Jump ifbit = 0 
2 
JSC 
bit,rel 
Jump ifbit = 1; CLR bit 
2 


The instruction set for the Boolean processor is shown 
in Table 7. All bit accesses are by direct addressing. Bit 
addresses DOHthrough 7FH are in the Lower 128, and 
bit addresses 80H through FFH are in SFR space. 


Note how easily an internal flag can be moved to a port 
pin: 


MOV 
C,FLAG 
MOV 
PI.O,C 


In this example, FLAG is the name of any addressable 
bit in the Lower 128 or SFR space. An I/O line (the 
LSB pf Port 1, in this case) is set or cleared depending 
on whether the flag bit is 1 or O. 


The Carry bit in the PSW is used as the single-bit Accu- 
mulator of the Boolean processor. Bit instructions that 
refer to the Carry bit as C assemble as Carry-specific 
instructions (CLR C, etc). The Carry bit also has a 
direct address, since it resides in the PSW register, 
which is bit-addressable. 


Note that the Boolean instruction set includes ANL 
and ORL operations, but not the XRL (Exclusive OR) 
operation. An XRL operation is simple to implement in 
software. Suppose, for example, it is required to form 
the Exclusive OR of two bits: 


MOV 
C,bitl 
JNB 
bit2,OVER 
CPL 
C 
OVER: 
(continue) 


First, bitl is moved to the Carry. If bit2 = 0, then C 
now contains the correct result. That is, bit I .XRL. bit2 
= bitl if bit2 = O.On the other hand, if bit2 = 1 C 
now contains the complement of the correct result. It 
need only be inverted (CPL C) to complete the opera- 
tion. 


This code uses the JNB instruction, one of a series of 
bit-test instructions which execute a jump if the ad- 
dressed bit is set (JC, JB, JBC) or if the addressed bit is 
not set (JNC, JNB). In the above case, bit2 is being 
tested, and if bit2 = 0 the CPL C instruction isjumped 
over. 


JBC executes the jump if the addressed bit is set, and 
also clears the bit. Thus a flag can be tested and cleared 
in one operation. 


All the PSW bits are directly addressable, so the Parity 
bit, or the general purpose flags, for example, are also 
available to the bit-test instructions. 


The destination address for these jumps is specified to 
the assembler by a label or by an actual address in 
Program Memory. However, the destination address 
assembles to a relative offset byte. This is a signed 
(two's complement) offset byte which is added to the 
PC in two's complement arithmetic if the jump is exe- 
cuted. 


The range of the jump is therefore -128 
to + 127 Pro- 
gram Memory bytes relative to the first byte following 
the instruction. 


Table 8 shows the list of unconditional jumps. 


Table 8. Unconditional 
Jumps 
In MCS@·51Devices 


Operation 
Execution 
Mnemonic 
Time 
(fL8) 


JMP 
addr 
Jump to addr 
2 


JMP 
@A+OPTR 
Jump to A + DPTR 
2 


CALL 
addr 
Call subroutine 
at addr 
2 


Return from subroutine 
2 - 


RET 


RETI 
Return from interrupt 
2 


NOP 
No operation 
1 


The Table lists a single "IMP addr" instruction, but in 
fact there are three-SIMP, 
UMP and AIMP-which 
differ in the format of the destination address. IMP is a 
generic mnemonic which can be used if the program- 
mer does not care which way the jump is encoded. 


The SIMP instruction encodes the destination address 
as a relative offset, as described above. The instruction 
is 2 bytes long, consisting of the opcode and the relative 
offset byte. The jump distance is limited to a range of 
-128 
to + 127 bytes relative to the instruction follow- 
ing the SIMP. 


The UMP 
instruction encodes the destination address 
as a 16-bit constant. The instruction is 3 bytes long, 
consisting of the opcode and two address bytes. The 
destination address can be anywhere in the 64K Pro- 
gram Memory space. 


The AIMP instruction encodes the destination address 
as an II-bit constant. The instruction is 2 bytes long, 
consisting of the opcode, which itself contains 3 of the 
II address bits, followed by another byte containing the 
low 8 bits of the destination address. When the instruc- 
tion is executed, these II bits are simply substituted for 
the low II bits in the Pc. The high 5 bits stay the same. 
Hence the destination has to be within the same 2K 
block as the instruction following the AIMP. 


In all cases the programmer specifies the destination 
address to the assembler in the same way: as a label or 
as a 16-bit constant. The assembler will put the destina- 
tion address into the correct format for the given in- 
struction. If the format required by the instruction will 
not support the distance to the specified destination ad- 
dress, a "Destination out of range" message is written 
into the List file. 


The 
IMP 
@A+DPTR 
instruction 
supports 
case 
jumps. The destination address is computed at execu- 
tion time as the sum of the 16-bit DPTR register and 


the Accumulator. Typically, DPTR is set up with the 
address of a jump table, and the Accumulator is given 
an index to the table. In a 5-way branch, for example, 
an integer 0 through 4 is loaded into the Accumulator. 
The code to be executed might be as follows: 


MOY 
MOY 
RL 
IMP 


DPTR, # JUMP_TABLE 
A,INDEX_NUMBER 
A 
@A+DPTR 


The RL A instruction converts the index number (0 
through 4) to an even number on the range 0 through 8, 
because each entry in the jump table is 2 bytes long: 


JUMP_TABLE: 
AIMP 
AJMP 
AIMP 
AIMP 
AJMP 


CASE_O 
CASE_I 
CASE_2 
CASE_3 
CASE_4 


Table 8 shows a single "CALL addr" instruction, but 
there are two of them-LCALL 
and ACALL-which 
differ in the format in which the subroutine address is 
given to the CPU. CALL is a generic mnemonic which 
can be used if the programmer does not care which way 
the address is encoded. 


The LCALL instruction uses the 16-bit address format, 
and the subroutine can be anywhere in the 64K Pro- 
gram Memory space. The ACALL instruction uses the 
II-bit format, and the subroutine must be in the same 
2K block as the instruction following the ACALL. 


In any case the programmer specifies the subroutine 
address to the assembler in the same way: as a label or 
as a 16-bit constant. The assembler will put the address 
into the correct format for the given instructions. 


Subroutines should end with a RET instruction, which 
returns 
execution 
to the 
instruction 
following the 
CALL. 


RETI is used to return from an interrupt service rou- 
tine. The only difference between RET and RETI is 
that RETI tells the interrupt control system that the 
interrupt in progress is done. If there is no interrupt in 
progress at the time RETI is executed, then the RETI 
is functionally identical to RET. 


Table 9 shows the list of conditional jumps available to 
the MCS-51 user. All of these jumps specify the desti- 
nation address by the relative offset method, and so are 
limited to a jump distance of -128 to + 127bytes from 
the instruction following the conditional jump instruc- 
tion. Important to note, however, the user specifies to 
the assembler the actual destination address the same 
way as the other jumps: as a label or a 16-bit constant. 


Mnemonic 
Operation 
Addressing 
Modes 
Execution 


Dlr 
Ind 
Reg 
Imm 
Time (1J.s) 


JZ 
rei 
Jump if A = 0 
Accumulator 
only 
2 


JNZ 
rei 
Jump if A =1= 0 
Accumulator 
only 
2 


DJNZ 
<byte> 
,rei 
Decrement 
and jump if not zero 
X 
X 
2 


CJNE 
A, <byte> 
,rei 
Jump if A =1= < byte> 
X 
X 
2 


CJNE 
< byte> 
,# data,rel 
Jump if <byte> 
=1= #data 
X 
X 
2 


There is no Zero bit in the PSW. The JZ and JNZ 
instructions test the Accumulator data for that condi- 
tion. 


<8> 


WCS -51 


HWOS 


OR CHMOS 


XTAL2 
The DJNZ instruction (Decrement and Jump if Not 
Zero) is for loop control. To execute a loop N times, 
load a counter byte with N and terminate the loop with 
a DJNZ to the beginning of the loop, as shown below 
for N = 10: 


OUAR6~ ~~~~~~ 
"c::I 


RESONATOR 


MOV 
COUNTER, # 10 
LOOP: 
(begin loop) 
• 


(end loop) 


DJNZ 
COUNTER,LooP 
(continue) 


<8> 


WCS -51 


HWOS 


OR CHWOS 


XTAL2 


The CINE 
instruction 
(Compare and Jump if Not 
Equal) can also be used for loop control as in Figure 12. 
Two bytes are specified in the operand field of the in- 
struction. The jump is executed only if the two bytes 
are not equal. In the example of Figure 12, the two 
bytes were the data in RI and the constant 2AH. The 
initial data in RI was 2EH. Every time the loop was 
executed, R I was decremented, and the looping was to 
continue until the RI data reached 2AH. 


EXTERNAL 


CLOCK 
SIGNAL 


<8> 


lites -51 


HWOS 
ONLY 


Another application of this instruction is in "greater 
than, less than" comparisons. The two bytes in the op- 
erand field are taken as unsigned integers. If the first is 
less than the second, then the Carry bit is set (I). If the 
first is greater than or equal to the second, then the 
Carry bit is cleared. 


EXTERNAL 


CLOCK 
SIGNAL 


<8> 


wcs -51 


CHWOS 
ONLY 
All MCS-51 microcontrollers have an on·chip oscillator 
which can be used if desired as the clock source for the 
CPU. To use the on-chip oscillator, connect a crystal or 
ceramic resonator between the XTALI 
and XTAL2 
pins of the microcontroller, and capacitors to ground as 
shown in Figure 13. 


EXTERNAL 
CLOCK 
XTAL1 
SIGNAL 


C. CHMOS Only 


Figure 14. Using an External 
Clock 


• 


Examples of how to drive the clock with an external 
oscillator are shown in Figure 14. Note that in the 
HMOS devices (8051, etc.) the signal at the XTAL2 pin 
actually drives the internal clock generator. 
In the 
CHMOS devices (80C51BH, etc.) the signal at the 
XTALI pin drives the internal clock generator. If only 
one pin is going to be driven with the external oscillator 
signal, make sure it is the right pin. 


The internal clock generator defines the sequence of 
states that make up the MCS-51 machine cycle. 


A machine cycle consists of a sequence of 6 states, 
numbered SI through S6. Each state time lasts for two 
oscillator periods. Thus a machine cycle takes 12 oscil- 
lator periods or I /-Lsif the oscillator frequency is 
12 MHz. 


Each state is divided into a Phase I half and a Phase 2 
half. Figure 15 shows the fetch/execute 
sequences in 


I 


Sl I 
S2 I 
S3 I 
54 I 
S5 I 
56 I 
Sl I 
S2 I 
S3 I 
54 I 
S5 I 
56 I 
Sl I 
~~~~~~~~~~~~~~~~~~~~~~~~~~ 


I 
(A) l·byte. 
1-c:yclelnltructlon. 
e.g.• INC A. 


I 
I 
I 
I 
I 


I 
I 


I 
I 


READ 2ND BYTE·I. 
[_R:~ 
NEXT OPCODE. 


READ OPCODE. 


READ NEXT 
OPCODE 
(DISCARD), 


I 
IC) l·byte. 2-c:ycle inltuction. 
e.g.•,INC DPTR. 


I 


READOPCODE 
(MOYX). 
READ NEXT 


OPCODE (DISCARD) 


(D) MOYX (l·byte. 
2-c:ycle) 
I 
lADDR 
DATA 


ACCESS EXTERNAL MEMORY 


states and phases for various kinds of instructions. Nor- 
mally two program fetches are generated during each 
machine cycle, even if the instruction being executed 
doesn't 
require it. If the instruction 
being executed 
doesn't need more code bytes, the CPU simply ignores 
the extra fetch, and the Program Counter is not incre- 
mented. 


Execution of a one-cycle instruction (Figure 15A and 
B) begins during State I of the machine cycle, when the 
opcode is latched into the Instruction Register. A sec- 
ond fetch occurs during S4 of the same machine cycle. 
Execution is complete at the end of State 6 of this ma- 
chine cycle. 


The MOVX instructions take two machine cycles to 
execute. No program fetch is generated during the sec- 
ond cycle of a MOVX instruction. This is the only time 
program 
fetches are skipped. The fetch/execute 
se- 
quence for MOVX instructions 
is shown in Figure 
15(D). 


The fetch/execute sequences are the same whether the 
Program Memory is internal or external to the chip. 
Execution times do not depend on whether the Pro- 
gram Memory is internal or external. 


Figure 16shows the signals and timing involved in pro- 
gram fetches when the Program Memory is external. If 
Program Memory is external, then the Program Memo- 
ry read strobe PSEN is normally activated twice per 
machine cycle, as shown in Figure 16(A). 


If an access to external Data Memory occurs, as shown 
in Figure 16(B), two PSENs are skipped, because the 
address and data bus are being used for the Data Mem- 
oryaccess. 


Note that a Data Memory bus cycle takes twice as 
much time as a Program Memory bus cycle. Figure 16 
shows the relative timing of the addresses being emitted 
at Ports 0 and 2, and of ALE and PSEN. ALE is used 
to latch the low address byte from PO into the address 
latch. 


P5EN 
AD ----+-------------+------~--------- 
(A) 
WITHOUT 
A 
MOVX. 


, 


lpCLOUT 
VALID 


, 
I 


lpCLOUT 
VALID 


r------- CYCLE 
1 
-I' 
I 51 1 52 1 53 I 54 I 55 1 56 
51 


lpCLDUT 
VALID 


I 
I 


lpCLOUT 
VALID 


CYCLE 
2 ------j 


1521531541551561 


P5EN 


RD -------------- 
(B) 
WITH A 
MOVX. 


lpCLDUT 
VALID 


• 


When the CPU is executing from internal Program 
Memory, PSEN is not activated, and program address- 
es are not emitted. However, ALE continues to be acti- 
vated twice per machine cycle and so is available as a 
clock output signal. Note, however, that one ALE is 
skipped during the execution of the MOVX instruction. 


The 8051 core provides 5 interrupt sources: 2 external 
interrupts, 2 timer interrupts, and the serial port inter- 
rupt. What follows is an overview of the interrupt 
structure for the 8051. Other MCS-51 devices have ad- 
ditional interrupt sources and vectors as shown in Ta- 
ble I. Refer to the appropriate chapters on other devic- 
es for further information on their interrupts. 


Each of the interrupt sources can be individually en- 
abled or disabled by setting or clearing a bit in the SFR 


(MSB) 
(LSB) 
IEA I-I -I 
ES I ET1 I EX1 I ETO I EXOI 


Enable bit ~ 
1 enables 
the interrupt. 


Enable bit ~ 
0 disables 
it. 


Symbol 
Position 


EA 
IE.? 
disables 
all interrupts. 
If EA = 0, no 
interrupt 
will be acknowledged. 
If EA 
= 
1, 
each 
interrupt 
source 
is 


individually 
enabled 
or 
disabled 
by 
setting or clearing 
its enable bit. 


IE.G 
reserved- 


1E.5 
reserved' 


ES 
lEA 
Serial Port Interrupt enable bit. 


ET1 
1E.3 
Timer 1 Overflow 
Interrupt enable bit. 


EX1 
IE.2 
External 
Interrupt 
1 enable 
bit. 


ETO 
IE.1 
Timer 0 Overflow 
Interrupt enable bit. 


EXO 
IE.O 
External 
Interrupt 0 enable bit. 


'These 
reserved 
bits are used in other MCS-51 devices. 


Figure 17. IE (Interrupt 
Enable) 
Register 
In the 8051 


named IE (Interrupt 
Enable). This register also con- 
tains a global disable bit, which can be cleared to dis- 
able all interrupts at once. Figure 17 shows the IE reg- 
ister for the 8051. 


Each interrupt 
source can also be individually pro- 
grammed to one of two priority levels by setting or 
clearing a bit in the SFR named IP (Interrupt Priority). 
Figure 18 shows the IP register in the 8051. 


A low-priority interrrupt can be interrupted by a high- 
priority interrupt, but not by another low-priority inter- 
rupt. A high-priority interrupt can't be interrupted by 
any other interrupt source. 


If two interrupt requests of different priority levels are 
received simultaneously, the request of higher priority 
level is serviced. If interrupt requests of the same priori- 
ty level are received simultaneously, an internal polling 
sequence determines which request is serviced. Thus 
within each priority level there is a second priority 
structure determined by the polling sequence. 


Figure 19 shows, for the 8051, how the IE and IP regis- 
ters and the polling sequence work to determine which 
if any interrupt will be serviced. 


(MSB) 
(LSB) 
I-I -I - I PS I PT1 I PX1 I PTO I pxo I 


Priority bit = 1 assigns high priority. 
Priority bit = 0 assigns low priority. 


Symbol 
Position 
Function 


IP.7 
reserved- 


IP.6 
reserved- 


IP.5 
reserved- 


PS 
IP.4 
Serial Port interrupt 
priority bit. 


PT1 
IP.3 
Timer 1 interrupt 
priority bit. 


PXl 
IP.2 
External 
Interrupt 
1 priority bit. 


PTO 
IP.1 
Timer 0 interrupt 
priority bit. 


PXO 
IP.O 
External 
Interrupt 0 priority bit. 


'These 
reserved 
bits are used in other MCS-51 devices. 


Figure 18. IP (Interrupt 
Priority) 
Register 
in the 8051 


INTERRUPT 
POLLING 
SEQUENCE 


LOW PRIORITY 
INTERRUPT 


270251-17 


In operation, 
all the interrupt 
flags are latched into the 
interrupt 
control 
system 
during 
State 5 of every ma- 
chine cycle. The samples are polled during 
the follow- 
ing machine cycle. If the flag for an enabled interrupt 
is 
found to be set (1), the interrupt 
system generates 
an 
LCALL 
to the appropriate 
location in Program 
Memo- 
ry, unless some other 
condition 
blocks 
the interrupt. 
Several conditions 
can block an interrupt, 
among them 
that 
an interrupt 
of equal 
or higher 
priority 
level is 
already in progress. 


The hardware-generated 
LCALL 
causes the contents of 
the Program 
Counter 
to be pushed onto the stack, and 
reloads the PC with the beginning address of the service 
routine. As previously noted (Figure 3), the service rou- 
tine for each interrupt 
begins at a fixed location. 


Only 
the 
Program 
Counter 
is automatically 
pushed 
onto the stack, not the PSW or any other register. Hav- 
ing only the PC be automatically 
saved allows the pro- 
grammer 
to decide 
how 
much 
time to spend 
saving 
which other 
registers. 
This enhances 
the interrupt 
re- 
sponse time, albeit at the expense of increasing 
the pro- 
grammer's 
burden 
of responsibility. 
As a result, many 
interrupt 
functions 
that are typical in control 
applica- 
tions-toggling 
a port pin, for example, or reloading 
a 
timer, or unloading 
a serial buffer--can 
often be com- 


pleted in less time than it takes other 
architectures 
to 
commence 
them. 


SIMULATING 
A THIRD 
PRIORITY 
LEVEL 
IN 
SOFTWARE 


Some applications 
require 
more than 
the two priority 
levels 
that 
are 
provided 
by 
on-chip 
hardware 
in 
MCS-51 devices. In these cases, relatively 
simple soft- 
ware can be written 
to produce 
the same effect as a 
third priority 
level. 


First, interrupts 
that are to have higher priority 
than 
I 
are assigned to priority 
1 in the IP (Interrupt 
Priority) 
register. 
The service routines 
for priority 
1 interrupts 
that 
are supposed 
to be interruptible 
by "priority 
2" 
interrupts 
are written 
to include the following code: 


PUSH 
MOV 
CALL 


IE 
IE,#MASK 
LABEL 


POP 
IE 
RET 
LABEL: 
RETI 


• 


As soon as any priority I interrupt is acknowledged, 
the IE (Interrupt Enable) register is re-defined so as to 
disable all but "priority 2" interrupts. Then, a CALL to 
LABEL executes the RETI instruction, which clears 
the priority 
I interrupt-in-progress 
flip-flop. At this 
point any priority I interrupt that is enabled can be 
serviced, but only "priority 2" interrupts are enabled. 


POPping IE restores the original enable byte. Then a 
normal RET (rather than another RETI) is used to 
terminate the service routine. The additional software 
adds 10 fLs (at 12 MHz) to priority I interrupts. 


The following application notes are found in the Em- 
bedded 
Control 
Applications 
handbook. (Order Num- 
ber: 270648) 
1. AP-69 "An Introduction to the Intel MCS@-51 Sin- 
gle-Chip Microcomputer Family" 
2. AP-70 "Using the Intel MCS@-51 Boolean Process- 


ing Capabilities" 


MCS® 51 
8-BIT CONTROL-ORIENTED 
MICROCONTROLLERS 
Commercial/Express 


8031 AH/8051AH/8051 
AHP 
8032AH/8052AH 
8751H/8751H-8 
8751 BH/8752BH 


• 
High Performance 
HMOS Process 


• 
Internal 
Timers/Event 
Counters 


• 
2-Level 
Interrupt 
Priority 
Structure 


• 
32 1/0 Lines (Four 8-Bit Ports) 


• 
64K External 
Program 
Memory 
Space 


• 
Security 
Feature 
Protects 
EPROM Parts 
Against 
Software 
Piracy 


• 
Boolean 
Processor 


• 
Bit-Addressable 
RAM 


• 
Programmable 
Full Duplex Serial 
Channel 


• 
111 Instructions 
(64 Single-Cycle) 


• 
64K External 
Data Memory 
Space 


• 
Extended 
Temperature 
Range 
( - 40°C to + 85°C) 


The MCS® 51 controllers 
are optimized 
for control 
applications. 
Byte-processing 
and numerical 
operations 
on 
small data structures 
are facilitated 
by a variety of fast addressing 
modes for accessing 
the internal 
RAM. The 


instruction 
set provides 
a convenient 
menu of 8-bit arithmetic 
instructions, 
including 
multiply and divide instruc- 
tions. 
Extensive 
on-chip 
support 
is provided 
for one-bit 
variables 
as a separate 
data type, allowing 
direct 
bit 
manipulation 
and testing 
in control 
and logic systems 
that require 
Boolean 
processing. 


The 8751 H is an EPROM version of the 8051 AH. It has 4 Kbytes of electrically 
programmable 
ROM which can 
be erased with ultraviolet 
light. It is fully compatible 
with the 8051AH 
but incorporates 
one additional 
feature: 
a 
Program 
Memory 
Security 
bit that 
can be used to protect 
the 
EPROM 
against 
unauthorized 
readout. 
The 
8751 H-8 is identical 
to the 8751 H but only operates 
up to 8 MHz. 


The 8051AHP 
is identical 
to the 8051AH 
with the exception 
of the Protection 
Feature. 
To incorporate 
this 


Protection 
Feature, 
program 
verification 
has been disabled 
and external 
memory 
accesses 
have been limited 


to 4K. 


The 8052AH 
is an enhanced 
version 
of the 8051AH. 
It is backwards 
compatible 
with the 8051AH 
and is 


fabricated 
with HMOS II technology. 
The 8052AH 
enhancements 
are listed in the table below. Also refer to this 


table for the ROM, ROM less and EPROM 
versions 
of each product. 


Device 
Internal 
Memory 
Timers! 
Interrupts 
Program 
Data 
Event Counters 


8031AH 
none 
128 x8 RAM 
2 x 16-Bit 
5 
8051AH 
4Kx8 
ROM 
128x8 
RAM 
2 x 16-Bit 
5 


8051AHP 
4Kx8 
ROM 
128 x 8 RAM 
2 x 16-Bit 
5 
8751H 
4Kx8 
EPROM 
128 x 8 RAM 
2 x 16-Bit 
5 
8751 H-8 
4Kx8 
EPROM 
128x8 
RAM 
2 x 16-Bit 
5 
8751BH 
4Kx8 
EPROM 
128x8 
RAM 
2 x 16-Bit 
5 
8032AH 
none 
256x8 
RAM 
3 x 16-Bit 
6 
8052AH 
8Kx8 
ROM 
256x8 
RAM 
3 x 16-Bit 
6 
8752BH 
8Kx8 
EPROM 
256x8 
RAM 
3x16-Bit 
6 


• 


-------------, 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
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r---------- 
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I 
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I 
I 
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AND 
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The 8031AH/8051AH 
and 8032AH/8052AH 
devic- 
es are manufactured 
on P414.1, 
an HMOS 
II pro- 
cess. 
The 
8751 H/8751 H-8 
devices 
are 
manufac- 
tured on P421.X, an HMOS-E 
process. 
The 8751 BH 
and 
8752BH 
devices 
are 
manufactured 
on 
P422. 
Additional 
process 
and reliability 
information 
is avail- 
able 
in Intel's 
Components 
Quality 
and 
Reliability 
Handbook, 
Order No. 210997. 


Part 
Prefix 
Package Type 
°ja 
°je 


8051AH 
P 
40-Pin Plastic DIP 
45°C/W 
16°C/W 
8031AH 
D 
40-Pin CERDIP 
45°C/W 
15°C/W 
8052AH 
N 
44-Pin PLCC 
46°C/W 
16°C/W 
8032AH 
8752BH* 


8751H 
D 
40-Pin CERDIP 
45°C/W 
15°C/W 
8751H-8 


8051AHP 
P 
40-Pin Plastic DIP 
45°C/W 
16°C/W 
D 
40-Pin CERDIP 
45°C/W 
15°C/W 


8751BH 
P 
40-Pin Plastic DIP 
36°C/W 
12°C/W 
N 
44-Pin PLCC 
4rC/W 
16°C/W 


NOTE: 
'8752BH 
is 36'/10' 
for 0, and 38'/22' 
for N. 


All thermal 
impedance 
data is approximate 
for static 
air conditions 
at 1W of power 
dissipation. 
Values 
will 
change 
depending 
on operating 
conditions 
and application. 
See the Intel Packaging 
Handbook 
(Order Number 
240800) 
for a description 
of Intel's 
thermal 
impedance 
test methodology. 


L~,:: 


805218032 
ONLY 


Pl.O 
Vee 
Pl.l 
PO.O ADO 
INDEX 
Pl.2 
PO.l 
ADl 
CORNER 


Pl.3 
PO.2 AD2 
Pl.4 
PO.3 AD3 
Pl.5 
PO.4 A04 
Pl.S 
X~ 


Pl.6 
PO.5 ADS 
Pl.8 
~(; 


Pl.7 
PO.6 ADS 
Pl.7 
..~; 


RST 
PO.7 AD7 
RST 
!~~ 


RXD 
P3.0 
8X5X 
EAtVpp' 
(RXD) P3.0 
~'!; 


TXD P3.1 
ALE/PROG' 
Reaerved·· 
H; 


INTO P3.2 
PSEN 
(TXO) P3.1 
!~; 


INTI 
P3.3 
P2.7 
A15 
(INTO) P3.2 
E; 


TO P3 4 
P2.6A14 
(INTI) 
P3.3 
!~~ 
T1 P3.5 
P2.5 
A13 
(TO) P3.4 
!~~ 
WR P3.6 
P2.4 
A12 
iii5 P37 
P2.3 
All 
(T2) P3.S 
!!; 


XTAL2 
P2.2 
A10 
XTALl 
P2.1 
A9 
Vss 
P2.0 
A8 


'EPROM 
only 


•• Do not connect 
reserved 
pins. 


• 


Port 0: Port 0 is an 8-bit open drain bidirectionalI/O 
port. As an output 
port each pin can sink 8 LS TTL 
inputs. 


Port 0 pins that have 1's written to them float, and in 
that state can be used as high-impedance 
inputs. 


Port 0 is also the multiplexed 
low-order 
address 
and 
data bus during 
accesses 
to external 
Program 
and 
Data Memory. 
In this application 
it uses strong inter- 
nal pullups 
when 
emitting 
1's and can source 
and 
sink 8 LS TTL inputs. 


Port 0 also receives 
the code bytes during program- 
ming 
of the 
EPROM 
parts, 
and 
outputs 
the 
code 
bytes 
during 
program 
verification 
of the 
ROM 
and 
EPROM 
parts. 
External 
pullups 
are required 
during 
program 
verification. 


Port 
1: Port 1 is an 8-bit bidirectional 
I/O 
port with 
internal 
pullups. 
The Port 1 output 
buffers 
can sink/ 
source 
4 LS TTL inputs. 
Port 1 pins that 
have 
1's 
written 
to them 
are pulled 
high by the internal 
pull- 
ups, and 
in that 
state 
can 
be used 
as inputs. 
As 
inputs, 
Port 1 pins that are externally 
pulled low will 
source current 
(IlL on the data sheet) because 
of the 
internal 
pullups. 


Port 
1 also 
receives 
the 
low-order 
address 
bytes 
during programming 
of the EPROM parts and during 
program 
verification 
of the ROM and EPROM 
parts. 


In the 
8032AH, 
8052AH 
and 8752BH, 
Port 
1 pins 
P1.0 and 
P1.1 also 
serve 
the 
T2 and T2EX 
func- 
tions, respectively. 


Port 
Alternative 
Function 
Pin 


P1.0 
T2 (Timer/Counter 
2 External Input) 
P1.1 
T2EX (Timer/Counter 
2 
Capture/Reload 
Trigger) 


Port 2: Port 2 is an 8-bit bidirectional 
I/O 
port with 
internal 
pullups. 
The Port 2 output 
buffers 
can sink/ 
source 
4 LS TTL inputs. 
Port 2 pins that 
have 
1's 
written 
to them 
are pulled 
high by the internal 
pull- 
ups, and 
in that 
state 
can 
be used 
as inputs. 
As 
inputs, 
Port 2 pins that are externally 
pulled low will 
source current 
(IlL on the data sheet) because 
of the 
internal 
pull ups. 


Port 
2 emits 
the 
high-order 
address 
byte 
during 
fetches 
from 
external 
Program 
Memory 
and during 
accesses 
to external 
Data 
Memory 
that 
use 16-bit 
addresses 
(MOVX 
@DPTR). 
In this 
application 
it 
uses strong 
internal 
pullups 
when emitting 
1'so Dur- 


ing accesses 
to external 
Data Memory that use 8-bit 
addresses 
(MOVX @Ri), Port 2 emits the contents 
of 
the P2 Special 
Function 
Register. 


Port 2 also receives 
the high-order 
address 
bits dur- 
ing programming 
of the 
EPROM 
parts 
and 
during 
program 
verification 
of the ROM and EPROM 
parts. 


The protection 
feature 
of the 8051AHP 
causes 
bits 
P2.4 through 
P2.7 to be forced 
to 0, effectively 
limit- 
ing external 
Data and Code space to 4K each during 
external 
accesses. 


Port 3: Port 3 is an 8-bit bidirectional 
I/O 
port with 
internal 
pullups. The Port 3 output 
buffers 
can sink/ 
source 
4 LS TTL inputs. 
Port 3 pins that 
have 
1's 
written'to 
them are pulled 
high by the internal 
pull- 
ups, and 
in that 
state 
can 
be used 
as inputs. 
As 
inputs, Port 3 pins that are externally 
pulled low will 
source current (IlL on the data sheet) because 
of the 
pullups. 


Port 3 also serves 
the functions 
of various 
special 
features 
of the MCS 51 Family, as listed below: 


Port 
Alternative 
Function 
Pin 


P3.0 
RXD (serial input port) 
P3.1 
TXD (serial output port) 
P3.2 
INTO (external 
interrupt 
0) 
P3,3 
INT1 (external 
interrupt 
1) 
P3.4 
TO (Timer 0 external 
input) 
P3.5 
T1 (Timer 1 external 
input) 
P3.6 
WR (external 
data memory write strobe) 
P3.7 
RD (external 
data memory read strobe) 


RST: Reset input. A high on this pin for two machine 
cycles 
while the oscillator 
is running 
resets 
the de- 
vice. 


ALE/PROG: 
Address 
Latch Enable output 
pulse for 
latching 
the low byte of the address 
during accesses 
to external 
memory. 
This 
pin is also 
the 
program 
pulse 
input 
(PROG) 
during 
programming 
of 
the 
EPROM 
parts. 


In normal 
operation 
ALE 
is emitted 
at a constant 
rate of % the oscillator 
frequency, 
and may be used 
for external 
timing or clocking 
purposes. 
Note, how- 
ever, that one ALE pulse is skipped 
during each ac- 


cess to external 
Data Memory. 


PSEN: Program Store Enable is the read strobe to 
external Program Memory. 


When the device is executing code from external 
Program Memory, PSEN is activated twice each ma- 
chine cycle, except that two PSEN activations are 
skipped during each access to external Data Memo- 
ry. 


EA/Vpp: 
External Access 
enable 
EA must 
be 
strapped to VSSin order to enable any MCS 51 de- 
vice to fetch code from external Program memory 
locations starting at OOOOHup to FFFFH. EA must 
be strapped to VCCfor internal program execution. 


Note, however, that if the Security Bit in the EPROM 
devices is programmed, the device will not fetch 
code from any location in external Program Memory. 


This pin also receives the programming supply volt- 
age (VPP) during programming of the EPROM parts. 


XTAL2: 
Output from the inverting oscillator amplifi- 
er. 


XTAL1 and XTAL2 are the input and output, respec- 
tively, of an inverting amplifier which can be config- 
ured for use as an on-chip oscillator, as shown in 
Figure 3. Either a quartz crystal or ceramic resonator 
may be used. More detailed information concerning 
the use of the on-chip oscillator is available in Appli- 
cation Note AP-155, "Oscillators for Microcontrol- 
lers," Order No. 230659. 


To drive the device from an external clock source, 
XTAL1 should be grounded, while XTAL2 is driven, 
as shown in Figure 4. There are no requirements on 
the duty cycle of the external clock signal, since the 
input to the internal clocking circuitry is through a 
divide-by-two flip-flop, but minimum and maximum 
high and low times specified on the data sheet must 
be observed. 


EXTERNAL 


OSCILLATOR -----I 
XTAL2 
SIGNAL 


The Intel EXPRESSsystem offers enhancements to 
the operational specifications of the MCS 51 family 
of microcontrollers. These EXPRESS products are 
designed to meet the needs of those applications 
whose operating requirements exceed commercial 
standards. 


The EXPRESS program includes the commercial 
standard temperature range with burn·in, and an ex- 
tended temperature range with or without burn-in. 


With the commercial standard temperature range, 
operational characteristics are guaranteed over the 
temperature range of O·C to + 70·C. With the ex- 
tended temperature range option, operational char- 
acteristics are guaranteed over a range of -40·C to 
+ 85·C. 


The optional burn-in is dynamic, for a minimum time 
of 160 hours at 125·C with Vcc 
= 5.5V ±0.25V, 


following guidelines in MIL-STD-883, Method 1015. 


Package types and EXPRESSversions are identified 
by a one- or two-letter prefix to the part number. The 
prefixes are listed in Table 1. 


For the extended temperature range option, this 
data sheet specifies the parameters which deviate 
from their commercial temperature range limits. 
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Prefix 
Package 
Type 
Temperature 
Range 
Burn-In 


P 
Plastic 
Commercial 
No 


D 
Cerdip 
Commercial 
No 


N 
PLCC 
Commercial 
No 


TO 
Cerdip 
Extended 
No 


TP 
Plastic 
Extended 
No 


TN 
PLCC 
Extended 
No 


QP 
Plastic 
Commercial 
Yes 


QD 
Cerdip 
Commercial 
Yes 


LD 
Cerdip 
Extended 
Yes 


LP 
Plastic 
Extended 
Yes 


NOTE: 
Contact 
distributor 
or local sales office 
to match 
EXPRESS 
prefix with proper 
device . 


DESIGN 
CONSIDERATIONS 
• If an 8751BH or 8752BH is replacing an 8751H in 
a future design, the user should carefully com- 
pare both data sheets for DC or AC Characteris- 
tic differences. Note that the VIH and IIH specifi- 
cations for the EA pin differ significantly between 
the devices. 


• Exposure to light when the EPROM device is in 
operation may cause logic errors. For this reason, 
it is suggested that an opaque label be placed 
over the window when the die is exposed to am- 
bient light. 


• The 8051AHP cannot access external Program 
or Data memory above 4K. This means that the 
following instructions that use the Data Pointer 
only read/write data at address locations below 
OFFFH: 


MOVX A.@DPTR 
MOVX @DPTR. 
A 


When the Data Pointer contains an address 
above the 4K limit, those locations will not be ac- 
cessed. 


To 
access 
Data 
Memory 
above 
4K, 
the 
MOVX @Ri,A or MOVX A,@Ri instructions must 
be used. 


NU 1I\.;t:: I nls IS a procluctlon clata sheet. It is valid for 
the 
devices 
indicated 
in the 
revision 
history. 
The 
specifications 
are subject to change without notice. 


- WARNING: Stressing the device beyond the "Absolute 
Maximum 
Ratings" 
may 
cause 
permanent 
damage. 


These are stress ratings 
only. Operation 
beyond 
the 


"Operating 
Conditions" 
is not recommended 
and ex- 


tended exposure 
beyond 
the 
"Operating 
Conditions" 


may affect device reliability. 


Ambient 
Temperature 
Under Bias. 
-40·C 
to + 85·C 


Storage Temperature 
- 65·C to + 150·C 


Voltage 
on EAlVpp 
Pin to VSS 


8751 H 
- 0.5V to + 21.5V 


8751BH/8752BH 
-0.5V 
to + 13.0V 


Voltage 
on Any Other Pin to Vss 
- 0.5V to + 7V 


Power Dissipation 
•......................... 
1.5W 


Symbol 
Description 
Min 
Max 
Units 


TA 
Ambient Temperature Under Bias 
Commercial 
0 
+70 
·C 
Express 
-40 
+85 
·C 


Vcc 
Supply Voltage 
4.5 
5.5 
V 


Fosc 
Oscillator Frequency 
3.5 
12 
MHz 


DC CHARACTERISTICS 
(Over Operating 
Conditions) 
All parameter 
values 
apply to all devices 
unless otherwise 
indicated 


Symbol 
Parameter 
Mln 
Max 
Units 
Test Conditions 


VIL 
Input Low Voltage 
(Except EA Pin of 
-0.5 
0.8 
V 
8751 Hand 
8751 H-8) 


VIL1 
Input Low Voltage to EA Pin of 
0 
0.7 
V 
8751H and 8751H-8 


VIH 
Input High Voltage 
(Except XTAL2, RST) 
2.0 
Vcc 
+ 0.5 
V 


VIH1 
Input High Voltage to XTAL2, RST 
2.5 
Vcc 
+ 0.5 
V 
XTAL1 = Vss 


VIH2 
Input High Voltage to EA pin 
4.5 
5.5V 
of 8751 BH and 8752BH 


VOL 
Output Low Voltage 
(Ports 1,2,3)- 
0.45 
V 
IOL = 1.6 mA 


VOL1 
Output 
Low Voltage 
(Port 0, ALE, PSEN)- 


8751 H, 8751 H-8 
0.60 
V 
IOL = 3.2mA 
0.45 
V 
IOL = 2.4 mA 
All Others 
0.45 
V 
IOL = 3.2mA 


VOH 
Output High Voltage 
(Ports 1, 2, 3, ALE, PSEN) 
2.4 
V 
IOH = -80 
JJ-A 


VOH1 
Output High Voltage 
(Port 0 in 
2.4 
V 
IOH = -400 
JJ-A 
External Bus Mode) 


IlL 
Logical 0 Input Current (Ports 1, 2, 3, and RST) 
-500 
JJ-A 
VIN = 0.45V 


IIL1 
Logical 0 Input Current (EA) 
8751 Hand 
8751 H-8 
-15 
mA 
VIN = 0.45V 
8751BH 
-10 
mA 
VIN = Vss 
8752BH 
-10 
mA 
VIN = Vss 
0.5 
mA 
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Symbol 
Parameter 
Mln 
Max 
Units 
Test Conditions 


IIL2 
Logical 0 Input Current (XTAL2) 
-3.2 
mA 
VIN = 0.45V 


III 
Input Leakage Current (Port 0) 
8751 Hand 
8751 H-8 
±100 
IJ-A 
0.45 ~ VIN ~ Vcc 


All Others 
±10 
IJ-A 
0.45 ~ VIN ~ Vcc 


IIH 
Logical 1 Input Current (EA) 
8751 Hand 
8751 H-8 
500 
IJ-A 
VIN = 2.4V 


8751 BH/8752BH 
1 
mA 
4.5V < VIN < 5.5V 


IIH1 
Input Current to RST to Activate 
Reset 
500 
IJ-A 
VIN < (Vcc 
- 
1.5V) 


Icc 
Power Supply Current: 


8031 AH/8051 
AH/8051 
AHP 
125 
mA 
All Outputs 


8032AH/8052AH/8751BH/8752BH 
175 
mA 
Disconnected; 


8751 H/8751 H-8 
250 
mA 
EA = Vcc 


CIO 
Pin Capacitance 
10 
pF 
Test freq = 1 MHz 


NOTES: 
1. Capacitive 
loading 
on Ports 0 and 2 may cause 
spurious 
noise 
pulses 
to be superimposed 
on the VOLS of ALE/PROG 


and Ports 1 and 3. The noise is due to external 
bus capacitance 
discharging 
into the Port 0 and Port 2 pins when 
these 
pins 


make 
1-to-0 
transitions 
during 
bus operations. 
In the worst 
cases 
(capacitive 
loading> 
100 pF), the 
noise 
pulse 
on the 


ALE/PROG 
pin may exceed 
O.BV. In such cases 
it may be desirable 
to qualify ALE with a Schmitt 
Trigger, 
or use an address 


latch with a Schmitt 
Trigger 
STROBE 
input. 


2. ALE/PROG 
refers 
to a pin on the B751BH. 
ALE refers 
to a timing 
signal that is output 
on the ALE/PROG 
pin. 


3. Under 
steady 
state (non-transient) 
conditions, 
IOL must be externally 
limited 
as follows: 
Maximum 
IOL per port pin: 
10 mA 
Maximum 
IOL per B-bit port - 


Port 0: 
26 mA 
Ports 1, 2, and 3: 
15 mA 
Maximum 
total 
IOL for all output 
pins: 
71 mA 
If IOL exceeds 
the test condition, 
VOL may exceed 
the related 
specification. 
Pins are not guaranteed 
to sink current 
greater 


than the listed test conditions. 


L: Logic level LOW, or ALE 
P:PSEN 
Q: Output 
data 
R: RD signal 
T: Time 
V: Valid 
W: WR signal 
X: No longer a valid logic level 
Z: Float 


Each timing symbol 
has 5 characters. 
The first char- 


acter 
is always 
a 'T' 
(stands 
for time). 
The 
other 


characters, 
depending 
on their 
positions, 
stand 
for 


the 
name 
of a signal 
or the 
logical 
status 
of that 
signal. The following 
is a list of all the characters 
and 


what they stand for. 


A: Address 
C: Clock 
D: Input Data 
H: Logic level HIGH 
I: Instruction 
(program 
memory 
contents) 


TAVLL = Time from Address 
Valid to ALE Low. 


TLLPL 
= Time from ALE Low to PSEN Low. 


AC CHARACTERISTICS 
(Under Operating 
Conditions; 
Load Capacitance 
for Port 0, ALE/PROG, 
and 
PSEN = 100 pF; Load Capacitance 
for All Other Outputs = 80 pF) 


Symbol 
Parameter 
12 MHz Oscillator 
Variable 
Oscillator 
Units 
Min 
Max 
Min 
Max 


1/TCLCL 
Oscillator 
Frequency 
3.5 
12.0 
MHz 


TLHLL 
ALE Pulse Width 
127 
2TCLCL-40 
ns 


TAVLL 
Address 
Valid to ALE Low 
43 
TCLCL-40 
ns 


TLLAX 
Address 
Hold after ALE Low 
48 
TCLCL-35 
ns 


TLLlV 
ALE Low to Valid Instr In 
8751H 
183 
4TCLCL-150 
ns 
All Others 
233 
4TCLCL-100 
ns 


TLLPL 
ALE Low to PSEN Low 
58 
TCLCL-25 
ns 


TPLPH 
PSEN Pulse Width 
8751H 
190 
3TCLCL-60 
ns 
All Others 
215 
3TCLCL-35 
ns 


TPLIV 
PSEN Low to Valid Instr In 
8751H 
100 
3TCLCL-150 
ns 
All Others 
125 
3TCLCL-125 
ns 


TPXIX 
Input Instr Hold after PSEN 
0 
0 
ns 


TPXIZ 
Input Instr Float after PSEN 
63 
TCLCL-20 
ns 


TPXAV 
PSEN to Address 
Valid 
75 
TCLCL-8 
ns 


TAVIV 
Address 
to Valid Instr In 
8751H 
267 
5TCLCL-150 
ns 
All Others 
302 
5TCLCL-115 
ns 


TPLAZ 
PSEN Low to Address 
Float 
20 
20 
ns 


TRLRH 
RD Pulse Width 
400 
6TCLCL-100 
ns 


TWLWH 
WR Pulse Width 
400 
6TCLCL-100 
ns 


TRLDV 
RD Low to Valid Data In 
252 
5TCLCL-165 
ns 


TRHDX 
Data Hold after RD 
0 
0 
ns 


TRHDZ 
Data Float after RD 
97 
2TCLCL-70 
ns 


TLLDV 
ALE Low to Valid Data In 
517 
8TCLCL-150 
ns 


TAVDV 
Address 
to Valid Data In 
585 
9TCLCL-165 
ns 
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intelQP 


Symbol 
Parameter 
12 MHz Oscillator 
Variable 
Oscillator 
Units 
Min 
Max 
Min 
Max 


TLLWL 
ALE Low to AD or WA Low 
200 
300 
3TCLCL-50 
3TCLCL+50 
ns 


TAVWL 
Address to AD or WA Low 
203 
4TCLCL-130 
ns 


TOVWX 
Data Valid to WA Transition 
8751H 
13 
TCLCL-70 
ns 
All Others 
23 
TCLCL-60 
ns 


TOVWH 
Data Valid to WA High 
433 
7TCLCL-150 
ns 


TWHOX 
Data Hold after WA 
33 
TCLCL-50 
ns 


TALAZ 
AD Low to Address 
Float 
20 
20 
ns 


TWHLH 
AD or WA High to ALE High 
8751H 
33 
133 
TCLCL-50 
TCLCL+50 
ns 
All Others 
43 
123 
TCLCL-40 
TCLCL+40 
ns 


NOTE: 
'The 8751H-8 is identical to the 8751H but only operates up to 8 MHz. When calculating the AC Characteristics for the 
8751H·8, use the 8751H formula for variable oscillators. 


- TLLDV 
'I 


TRLRH 
• 


Symbol 
Parameter 
12 MHz Oscillator 
Variable 
Oscillator 
Units 
Mln 
Max 
Min 
Max 


TXLXL 
Serial Port Clock Cycle Time 
1.0 
12TCLCL 
J-Ls 


TQVXH 
Output Data Setup to Clock Rising 
700 
1OTCLCL -133 
ns 
Edge 


TXHQX 
Output Data Hold after Clock 
50 
2TCLCL -117 
ns 
Rising Edge 


TXHDX 
Input Data Hold after Clock Rising 
0 
0 
ns 
Edge 


TXHDV 
Clock Rising Edge to Input Data 
700 
1OTCLCL - 133 
ns 
Valid 


INSTRUCTION I 


ALE 


OUTPUT 
OATA 
I 
WRITE 
TO SBUf 


INPUT 
DATA 


+ 
SET RI 
272318-8 


Symbol 
Parameter 
Min 
Max 
Units 


1/TClCl 
Oscillator 
Frequency 
(except 8751 H-8) 
3.5 
12 
MHz 
8751 H-8 
3.5 
8 
MHz 


TCHCX 
High Time 
20 
ns 


TClCX 
low 
Time 
20 
ns 


TClCH 
Rise Time 
20 
ns 


TCHCl 
Fall Time 
20 
ns 


:~=X'.>-'_.<:X= 


272318-10 
AC Testing: Inputs are driven at 2.4V for a Logic "1" and O,4SV 
for a Logic "0". Timing measurements are made at 2.0V for a 
Logic "1" and 0.8V for a Logic "0". 
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Mode 
RST 
PSEN 
ALE 
EA 
P2.7 
P2.6 
P2.5 
P2.4 


Program 
1 
0 
O' 
VPP 
1 
0 
X 
X 


Verify 
1 
0 
1 
1 
0 
0 
X 
X 


Security 
Set 
1 
0 
O' 
VPP 
1 
1 
X 
X 


NOTE: 
"1" = logic high for that pin 
"0" 
= logic low for that pin 
"X" 
= "don't care" 


To be programmed, 
the part must be running with a 
4 to 
6 MHz 
oscillator. 
(The 
reason 
the 
oscillator 
needs to be running 
is that the internal 
bus is being 
used to transfer 
address and program 
data to appro- 
priate internal 
registers.) 
The address 
of an EPROM 
location 
to be programmed 
is applied 
to Port 1 and 
pins P2.0-P2.3 
of Port 2, while the code byte to be 
programmed 
into that 
location 
is applied 
to Port O. 


The other Port 2 pins, and RST, PSEN, and EAIVpp 
should 
be held at the "Program" 
levels indicated 
in 
Table 3. ALE/PROG 
is pulsed low for 50 ms to pro- 
gram the code 
byte into the addressed 
EPROM 
lo- 
cation. 
The setup is shown 
in Figure 5. 


Normally 
EA~is 
held 
at a logic 
high 
until just 
before ALE/PROG 
is to be pulsed. Then EAIVpp 
is 
raised 
to + 21 V, ALE/PROG 
is pulsed, 
and 
then 
EAIVpp 
is returned 
to a logic high. Waveforms 
and 
detailed 
timing specifications 
are shown in later sec- 
tions of this data sheet. 


"Vpp" = +21V ±0.5V 
•ALE is pulsed low for 50 ms. 


Note that the EAIVPP 
pin must not be allowed 
to go 
above the maximum 
specified 
VPP level of 21.5V for 
any amount 
of time. Even a narrow glitch above that 
voltage 
level can cause 
permanent 
damage 
to the 
device. 
The 
VPP source 
should 
be well 
regulated 
and free of glitches. 


Program Verification 


If the Security 
Bit has not been programmed, 
the on- 
chip Program 
Memory 
can be read out for verifica- 
tion purposes, 
if desired, 
either 
during 
or after 
the 
programming 
operation. 
The address 
of the Program 
Memory 
location 
to be read is applied 
to Port 1 and 
pins P2.0-P2.3. 
The other pins should be held at the 
"Verify" 
levels indicated 
in Table 3. The contents 
of 
the addressed 
location 
will come 
out on Port O. Ex- 
ternal 
pullups 
are required 
on Port 0 for this opera- 
tion. 


The setup, which 
is shown 
in Figure 6, is the same 
as for programming 
the EPROM except that pin P2.7 
is held at a logic low, or may be used as an active- 
low read strobe. 


The security feature consists 
of a "locking" 
bit which 
when 
programmed 
denies 
electrical 
access 
by any 
external 
means 
to 
the 
on-chip 
Program 
Memory. 
The 
bit is programmed 
as shown 
in Figure 
7. The 
setup 
and 
procedure 
are the 
same 
as for 
normal 
EPROM 
programming, 
except 
that P2.6 is held at a 
logic high. Port 0, Port 1 and pins P2.0-P2.3 
may be 
in any state. 
The other 
pins should 
be held at the 


"Security" 
levels indicated 
in Table 3. 


Once the Security 
Bit has been programmed, 
it can 
be cleared 
only by full erasure of the Program 
Mem- 
ory. While 
it is programmed, 
the 
internal 
Program 
Memory 
can not be read out, the device 
can not be 
further 
programmed, 
and it can not execute 
out of 
external 
program 
memory. 
Erasing 
the 
EPROM, 


thus clearing 
the Security 
Bit, restores 
the device's 
full functionality. 
It can then be reprogrammed. 


Erasure 
of the 
EPROM 
begins 
to occur 
when 
the 
device 
is exposed 
to light with wavelengths 
shorter 
than approximately 
4,000 Angstroms. 
Since sunlight 
and 
fluorescent 
lighting 
have 
wavelengths 
in this 
range, 
exposure 
to these 
light sources 
over an ex- 
tended 
time (about 
1 week in sunlight, 
or 3 years in 
room-level 
fluorescent 
lighting) could cause inadver- 
tent erasure. 
If an application 
subjects 
the device to 
this type of exposure, 
it is suggested 
that an opaque 
label be placed 
over the window. 


The 
recommended 
erasure 
procedure 
is exposure 
to ultraviolet 
light (at 2537 Angstroms) 
to an integrat- 
ed dose 
of at least 
15 W-secl cm2. 
Exposing 
the 
EPROM 
to an ultraviolet 
lamp 
of 12,000 
/-LW/cm2 
rating for 20 to 30 minutes, 
at a distance 
of about 
1 inch, should 
be sufficient. 


EPROM 
PROGRAMMING 
AND VERIFICATION 
CHARACTERISTICS 
TA = 21°C to 27"C; VCC = 5V ± 10%; VSS = OV 


Symbol 
Parameter 
Min 
Max 
Units 


VPP 
Programming 
Supply Voltage 
20.5 
21.5 
V 


IPP 
Programming 
Supply Current 
30 
mA 


1/TCLCL 
Oscillator 
Frequency 
4 
6 
MHz 


TAVGL 
Address 
Setup to PROG Low 
48TCLCL 


TGHAX 
Address 
Hold after PROG 
48TCLCL 


TDVGL 
Data Setup to PROG Low 
48TCLCL 


TGHDX 
Data Hold after PROG 
48TCLCL 


TEHSH 
P2.7 (ENABLE) 
High to VPP 
48TCLCL 


TSHGL 
VPP Setup to PROG Low 
10 
/-Ls 


TGHSL 
VPP Hold after PROG 
10 
/-Ls 


TGLGH 
PROG Width 
45 
55 
ms 


TAVQV 
Address to Data Valid 
48TCLCL 


TELQV 
ENABLE 
Low to Data Valid 
48TCLCL 


TEHQZ 
Data Float after ENABLE 
0 
48TCLCL 


• 


Programming 
the 8751BH/8752BH 


To be programmed, the 875XBH must be running 
with a 4 to 6 MHz oscillator. (The reason the.oscilla- 
tor needs to be running is that the internal bus is 
being used to transfer address and program data to 
appropriate internal registers.) The address of an 
EPROM location to be programmed is applied to 
Port 1 and pins P2.0 - P2.4 of Port 2, while the code 
byte to be programmed into that location is applied 
to Port O. The other Port 2 and 3 pins, and RST, 
PSEN,and EAlVpp should be held at the "Program" 
levels indicated in Table 1. ALE/PROG is pulsed low 
to 
program the 
code 
byte into the addressed 
EPROM location. The setup is shown in Figure 8. 


XTAl' 


V55 


Normally EA~is 
held at a logic high~ntil 
just 
before ALE/PROG is to be pulsed. Then EAlVpp is 
raised to Vpp, ALE/PROG is pulsed low, and then 
EAlVpp is returned to a valid high voltage. The volt- 
age on the EAlVpp pin must be at the valid EAlVpp 
high level before a verify is attempted. Waveforms 
and detailed timing specifications are shown in later 
sections of this data sheet. 


Note that the EAlVpp pin must not be allowed to go 
above the maximum specified Vpp level for any 
amount of time. Even a narrow glitch above that volt- 
age level can cause permanent damage to the de- 
vice. The Vpp source should be well regulated and 
free of glitches. 


MODE 
RST 
PSEN 
ALEI 
EAI 
P2.7 
P2.6 
P3.6 
P3.7 
PROG 
Vpp 


Program Code Data 
1 
0 
O· 
Vpp 
1 
0 
1 
1 


Verify Code Data 
1 
0 
1 
1 
0 
0 
1 
1 


Program Encryption Table 
1 
0 
O· 
Vpp 
1 
0 
0 
1 
Use Addresses 0-1FH 


Program Lock 
x=1 
1 
0 
O· 
Vpp 
1 
1 
1 
1 
Bits (LBx) 
x=2 
1 
0 
O· 
Vpp 
1 
1 
0 
0 


Read Signature 
1 
0 
1 
1 
0 
0 
0 
0 


NOTES: 
"1" 
= Valid high for that pin 


"0" 
= Valid low for that pin 


"Vpp" 
= + 12. 75V ± 0.25V 


•ALE/PROG 
is pulsed 
low for 100 uS for programming. 
(Quick-Pulse 
Programming) 


• 


The 875XBH 
can be programmed 
using the Quick- 
Pulse 
Programming 
Algorithm 
for 
microcontrollers. 
The features 
of the new programming 
method 
are a 
lower Vpp (12.75 volts as compared 
to 21 volts) and 
a shorter 
programming 
pulse. For example, 
it is pos- 
sible 
to 
program 
the 
entire 
8 Kbytes 
of 
875XBH 
EPROM 
memory 
in less than 25 seconds 
with this 
algorithm! 


To program 
the part using the new algorithm, 
Vpp 
must 
be 12.75 
±0.25 
Volts. 
ALE/PROG 
is pulsed 
low 
for 
100 
/Lseconds, 
25 
times 
as 
shown 
in 
Figure 
9. Then, 
the byte just 
programmed 
may be 
verified. 
After 
programming, 
the entire 
array should 
be 
verified. 
The 
Program 
Lock 
features 
are 
pro- 
grammed 
using the same method, 
but with the setup 
as shown in Table 4. The only difference 
in program- 
ming Lock features 
is that the Lock features 
cannot 
be directly 
verified. 
Instead, 
verification 
of program- 
ming is by observing 
that their features 
are enabled. 


If the Lock Bits have not been programmed, 
the on- 
chip Program 
Memory 
can be read out for verifica- 
tion purposes, 
if desired, 
either 
during 
or after 
the 
programming 
operation. 
The address of the Program 
Memory 
location 
to be read is applied 
to Port 1 and 
pins P2.0 - P2.4. The other 
pins should 
be held at 
the 
"Verify" 
levels 
indicated 
in Table 
1. The 
con- 


tents of the addressed 
location 
will come out on Port 
O. External 
pullups 
are required 
on Port 0 for this 
operation. 
(If the 
Encryption 
Array 
in the 
EPROM 
has been 
programmed, 
the data present 
at Port 0 
will be Code Data XNOR 
Encryption 
Data. The user 
must know the Encryption 
Array contents 
to manual- 
ly "unencrypt" 
the data during verify.) 


The setup, which is shown in Figure 10, is the same 
as for programming 
the EPROM except that pin P2.7 
is held at a logic low, or may be used as an active 
low read strobe. 


ALE/PROG,Jilll- 
----l.JlJLJl.J1.r- 
'---' 


1 
~ 
lOllS MINI I 
;~~~: 
1 
ALE/PROG,-a1__ 
n__ 
L 


XTAL 
1 


Vss 


The 
two-level 
Program 
Lock 
system 
consists 
of 2 
Lock bits and a 32-byte 
Encryption 
Array which 
are 
used to protect 
the program 
memory 
against 
soft- 
ware piracy. 


Within the EPROM 
array are 32 bytes of Encryption 
Array that are initially 
unprogrammed 
(all 1s). Every 
time that a byte is addressed 
during a verify, 
5 ad- 
dress lines are used to select 
a byte of the Encryp- 
tion 
Array. 
This 
byte 
is 
then 
exclusive-NORed 
(XNOR) 
with the code 
byte, creating 
an Encrypted 
Verify 
byte. The algorithm, 
with the array in the un- 


programmed 
state (all 1s), will return the code in its 
original, 
unmodified 
form. 


It is recommended 
that whenever 
the Encryption 
Ar- 
ray is used, 
at least 
one of the 
Lock 
Bits be pro- 
grammed 
as well. 


Also included 
in the EPROM 
Program 
Lock scheme 
are two Lock Bits which function 
as shown 
in Table 
5. 


Erasing the EPROM 
also erases 
the Encryption 
Ar- 
ray and the Lock 
Bits, returning 
the part to full un- 
locked 
functionality. 


To ensure 
proper 
functionality 
of the chip, the inter- 
nally latched 
value of the EA pin must agree with its 
external 
state. 


Lock Bits 
Logic Enabled 
LB1 
LB2 


U 
U 
Minimum 
Program 
Lock features 
enabled. 
(Code Verify will still be 
encrypted 
by the Encryption 
Array) 


P 
U 
MOVC instructions 
executed 
from 
external 
program 
memory 
are 
disabled 
from fetching 
code bytes 
from internal 
memory, 
EA is 
sampled 
and latched on reset, 


and further programming 
of the 
EPROM is disabled 


P 
P 
Same as above, but Verify is also 
disabled 


U 
P 
Reserved 
for Future Definition 


P = Programmed 
U = Unprogrammed 


The signature 
bytes are read by the same procedure 
as a normal verification 
of locations 
030H and 031 H, 


except 
that 
P3.6 and 
P3.7 need 
to be pulled 
to a 
logic low. The values 
returned 
are: 


(030H) = 89H indicates 
manufactured 
by Intel 


(031 H) = 51 H indicates 
8751 BH 


52H indicates 
8752BH 
• 


this type of exposure, 
it is suggested 
that an opaque 
label be placed 
over the window. 


Erasure 
of the 
EPROM 
begins 
to occur 
when 
the 
8752BH 
is exposed 
to light with wavelengths 
shorter 
than approximately 
4,000 Angstroms. 
Since sunlight 
and 
fluorescent 
lighting 
have 
wavelengths 
in this 
range, 
exposure 
to these 
light sources 
over an ex- 
tended 
time (about 
1 week in sunlight, 
or 3 years in 
room-level 
fluorescent 
lighting) could cause inadver- 
tent erasure. 
If an application 
subjects 
the device to 


The 
recommended 
erasure 
procedure 
is exposure 
to ultraviolet 
light (at 2537 Angstroms) 
to an integrat- 
ed dose 
of at lease 
15 W-secl em. 
Exposing 
the 
EPROM to an ultraviolet 
lamp of 12,000 )J-W/cm 
rat- 
ing for 30 minutes, 
at a distance 
of about 
1 inch, 


should 
be sufficient. 


EPROM 
PROGRAMMING 
AND VERIFICATION 
CHARACTERISTICS 
(TA = 
21°C to 2rc, 
Vcc 
=·5.0V 
± 10%, VSS = 
OV) 


Symbol 
Parameter 
Min 
Max 
Units 


Vpp 
Programming 
Supply Voltage 
12.5 
13.0 
V 


Ipp 
Programming 
Supply Current 
50 
mA 


1/TCLCL 
Oscillator 
Frequency 
4 
6 
MHz 


TAVGL 
Address 
Setup to PROG Low 
48TCLCL 


TGHAX 
Address 
Hold After PROG 
48TCLCL 


TDVGL 
Data Setup to PROG Low 
48TCLCL 


TGHDX 
Data Hold After PROG 
48TCLCL 


TEHSH 
P2.7 (ENABLE) 
High to Vpp 
48TCLCL 


TSHGL 
Vpp Setup to PROG Low 
10 
)J-s 


TGHSL 
Vpp Hold After PROG 
10 
)J-s 


TGLGH 
PROG Width 
90 
110 
)J-s 


TAVQV 
Address 
to Data Valid 
48TCLCL 


TELQV 
ENABLE 
Low to Data Valid 
48TCLCL 


TEHQZ 
Data Float After ENABLE 
0 
48TCLCL 


TGHGL 
PROG High to PROG Low 
10 
)J-s 


TSHGl 


TGlCH 
''''.J '. 
TEHSH 


P2.7 


EA/HIGH 
L 


TElQVl 


This datasheet 
(272318-001) 
replaces 
the following 
datasheets: 


MCS@ 51 Controllers 
(270048-007) 


8051AHP 
(270279-004) 


8751 BH (270248-005) 


8751BH 
EXPRESS 
(270708-001) 


8752BH 
(270429-004) 


8752BH 
EXPRESS 
(270650-002) 
• 


CHMOS SINGLE-CHIP a-BIT MICROCONTROLL~H 
Commercial/Express 
87C52/80C52/80C32/87C54/80C54/87C58/80C58 


'See 
Table 
1 for Proliferation 
Options 
• High Performance 
CHMOS 
EPROM/ 
• 6 Interrupt 
Sources 
ROM/CPU 
• Programmable 
Serial Channel 
with: 
• Low Voltage 
Operation 
(-L Only) 
- 
Framing 
Error Detection 
• 24 MHz Internal 
Operation 
(-3 Only) 
- 
Automatic 
Address 
Recognition 
• Three 
16-Bit Timer/Counters 
• TTL and CMOS Compatible 
Logic 
Levels 
• Programmable 
Clock Out 
64K External 
Program 
Memory 
Space 
• 
• Up/Down 
Timer/Counter 
64K External 
Data Memory 
Space 
• 
• Three 
Level Program 
Lock System 
MCS® 51 Compatible 
Instruction 
Set 
• 
• 8K/16K/32K 
On-Chip 
Program 
Memory 
Power Saving Idle and Power 
Down 
• 
• 256 Bytes of On-Chip 
Data RAM 
Modes 
• Improved 
Quick Pulse Programming 
• ONCE (On-Circuit 
Emulation) 
Mode 
Algorithm 
• Four-Level 
Interrupt 
Priority 
• Boolean 
Processor 
Extended 
Temperature 
Range 
• 
• 32 Programmable 
I/O Lines 
( - 40·C to + 85·C) 


MEMORY 
ORGANIZATION 


ROM 
EPROM 
ROMless 
ROM/EPROM 
RAM 
Device 
Version 
Version 
Bytes 
Bytes 


80C52 
87C52 
80C32 
8K 
256 


80C54 
87C54 
80C32 
16K 
256 


80C58 
87C58 
80C32 
32K 
256 


The Intel 8XC52/8XC54/8XC58 
is a single-chip 
control-oriented 
microcontroller 
which is fabricated 
on Intel's 
reliable 
CHMOS 
III-E technology. 
Being a member 
of the MCS 51 family 
of cbntrollers, 
the 8XC52/8XC541 


8XC58 
uses the same powerful 
instruction 
set, has the same architecture, 
and is pin-for-pin 
compatible 
with 
the 
existing 
MCS 
51 
family 
of 
products. 
The 
8XC52/8XC54/8XC58 
is 
an 
enhanced 
version 
of 
the 


87C51 180C51 BH/80C31 
BH. The added features 
make it an even more powerful 
microcontroller 
for applica- 


tions that require 
clock 
output, 
and up/down 
counting 
capabilities 
such as motor control. 
It also has a more 
versatile 
serial channel 
that facilitates 
multi-processor 
communications. 


Applications 
that require low voltage 
operation 
can use the 8XC5X-L. The 8XC5X-L will operate 
at 3.3V ± 0.3V 


at a frequency 
range of 3.5 MHz to 8 MHz. 


The 8XC5X-3 
has the same 
3.5 MHz to 20 MHz frequency 
range 
as the 8XC5X-20 
when 
operating 
out of 


external 
program/data 
memory. 
When running 
out of internal 
program/data 
memory, 
the 8XC5X-3 
can oper- 


ate up to 24 MHz. 


Throughout 
this 
document 
8XC5X 
will refer 
to the 
8XC52, 
80C32, 
8XC54 
and 
8XC58 
unless 
information 


applies 
to a specific 
device. 


'Standard 
-1 
-3 
-20 
·L 


80C32 
X 
X 
X 


80C52 
X 
X 
X 
X 


87C52 
X 
X 
X 
X 
X 


80C54 
X 
X 
X 
X 
X 


87C54 
X 
X 
X 
X 
X 


80C58 
X 
X 
X 
X 
X 


87C58 
X 
X 
X 
X 
X 


NOTES: 


-3.5 
MHz to 12 MHz; 5V ±20% 
-1 
-3.5 
MHz to 16 MHz; 5V ±20% 
-3 
-3.5 
MHz to 20 MHz external program execution; 


5V ±20%. 
24 MHz internal program execution 
-20 
-3.5 
MHz to 20 MHz; 5V ±20% 


-L 
-3.5 
MHz to 8 MHz; 3.3V ±0.3V 


PSEN 
Al,jffiiG 
rAjvpp.s, 


• 


This device 
is manufactured 
on P629.0, 
a CHMOS 


III-E process. 
Additional 
process 
and reliability 
infor- 
mation 
is available 
in Intel's 
Components 
Quality 
and Reliability 
Handbook, 
Order No. 210997. 


Part 
Prefix 
Package 
Type 


8XC5X 
P 
40-Pin Plastic DIP (OTP) 


87C5X 
D 
40-Pin CERDIP (EPROM) 


8XC5X 
N 
44-Pin PLCC (OTP) 
8XC5X 
S 
44-Pin QFP (OTP) 


"" ~ 
N 
-: ~ '" 
u ~ 
N ~ 


INDEX 
;;: 
;;: 
;;: 
;;: 
>'" 
U 0 ~ ~ 0 


(T2) 
PLO 
Vee 
CORNER 
.. 
> 
•. 
.. 


(T2EX) 
PL1 
PO.O 
(ADO) 


P102 
PO.' 
(AD1) 
P1.5 
PO .• 


Pt.3 
PO.2 
(AD2) 
P106 
PO.5 


P1004 
PO.3 
(AD3) 
P107 
PO.6 


P105 
PO •• 
(AD.) 
RST 
PO.7 


P106 
PO.S 
(ADS) 
P3.0 
[A/Vpp 


P107 
PO.6 
(AD6) 
Res.r .•.•d· 
Reserved- 


RESET 
PO.7 
(AD7) 
P3.1 
ALE/PRoG 


(RXD) 
P3.0 
[A/Vp, 
P3.2 


(TXD) 
P3.1 
ALE/PROG 
P3.3 
P2.7 


(INTO) 
P3.2 
PSEN 
P3 .• 
P2.6 
(INTi) 
P3.3 
P2.7 
(A'S) 
P3.5 
P2.5 


(TO) 
P3.o4 
P2.6 
(AU) 


(T') 
P3.5 
P2.5 
(AU) 
~ 
0 
. 
•... 
N ~ 
tl1 
~ ~ 
(viR) 
P3.6 
P2.4 
(A '2) 
~ ~ ~ .. 
:;i :;i 
N 
N 
:;i 
~ ~ > 
~ 
.. .. 


(RD) 
P2.3 
(A lli 
x 
j 
P3.7 


XTAl2 
P2.2 
(A'O) 
272336-3 
XTAL 
1 
P2.1 
(A9) 


PLCC 
VSS 
P2.0 
(A8) 


272336-2 


DIP 


INDEX 
.••. 
J"'J 
N 
_ 
0 
- 
0 
_ 
N 
f") 


CORNER 
\ 
i ~;.;:;:>'a >'d f f f f 


.1:11~11~11::;11~11~II~fl:::;II~II~II~1 
P1.5 
(;L .. L.' L.'1. _•• -11. .•.••.• ,1. •••• 
,1. .1•....1:3) 
PO.• 


P1.6 
2:; 
i)) 
PO.5 


P107 ·f; 
L!' 
PO.8 


RST 
.(; 
i:tO 
PO.7 


P3.0 5:; 
Ltg il/v,., 


Reserved- 
(; 
eXC5X 
;::[8 R••• r.•."· 


P3.1 
7: ~ 
'V 
ALE/PRoG 


P3.2 
s:; 
L:[6 
psEN 


P3.3 
~ 
~ 
,t5 
P2.7 


P3.o4 (9; 
L2) 
P2.6 


P3.5 
1]; 
1:2) 
P2.5 
.;~;~;~:~;~;~;~;~:~;~:~ 
.. 


VSS1: Secondary 
ground 
(not on DIP). Provided 
to 
reduce 
ground 
bounce 
and 
improve 
power 
supply 
by-passing. 


NOTE: 
This pin is not a substitute 
for the Vss 
pin (pin 22). 
(Connection 
not necessary 
for proper 
operation.) 


Port 
0: Port 0 is an 8-bit, open 
drain, 
bidirectional 
I/O port. As an output port each pin can sink several 
LS TTL inputs. 
Port 0 pins that 
have 
1's written 
to 
them float, and in that state can be used as high-im- 
pedance 
inputs. 


Port 0 is also the multiplexed 
low-order 
address 
and 
data bus during 
accesses 
to external 
Program 
and 
Data Memory. 
In this application 
it uses strong inter- 
nal pullups 
when 
emitting 
1's, and can source 
and 
sink several 
LS TTL inputs. 


Port 0 also receives 
the code bytes during EPROM 
programming, 
and 
outputs 
the 
code 
bytes 
during 
program 
verification. 
External 
pullup resistors 
are re- 
quired during program 
verification. 


Port 
1: Port 1 is an 8-bit bidirectional 
I/O 
port with 
internal 
pull ups. The Port 1 output 
buffers 
can drive 
LS TTL inputs. 
Port 1 pins that 
have 
1's written 
to 
them are pulled 
high by the internal 
pullups, 
and in 
that state 
can be used as inputs. 
As inputs, 
Port 1 
pins that are externally 
pulled low will source current 
(IlL, on the data sheet) 
because 
of the internal 
pull- 
ups. 


In addition, 
Port 1 serves the functions 
of the follow- 
ing special 
features 
of the 8XC5X: 


Port Pin 
Alternate 
Function 


P1.0 
T2 (External 
Count Input to Timer/ 
Counter 2), Clock-Out 


P1.1 
T2EX (Timer/Counter 
2 Capture/ 
Reload Trigger and Direction 
Control) 


Port 1 receives 
the low-order 
address 
bytes during 
EPROM 
programming 
and verifying. 


Port 2: Port 2 is an 8-bit bidirectional 
I/O 
port with 
internal 
pullups. 
The Port 2 output 
buffers 
can drive 
LS TTL inputs. 
Port 2 pins that have 
1's written 
to 
them are pulled 
high by the internal 
pullups, 
and in 
that state 
can be used as inputs. 
As inputs, 
Port 2 


pins that are externally 
pulled low will source 
current 
(IlL, on the data sheet) 
because 
of the internal 
pull- 
ups. 


Port 
2 emits 
the 
high-order 
address 
byte 
during 
fetches 
from 
external 
Program 
Memory 
and during 
accesses 
to external 
Data 
Memory 
that 
use 16-bit 
addresses 
(MOVX 
@DPTR). 
In this 
application 
it 
uses strong 
internal 
pullups 
when emitting 
1'so Dur- 
ing accesses 
to external 
Data Memory 
that use 8-bit 
addresses 
(MOVX @Ri), Port 2 emits the contents 
of 
the P2 Special 
Function 
Register. 


Some Port 2 pins receive the high-order 
address 
bits 
during 
EPROM 
programming 
and program 
verifica- 
tion. 


Port 3: Port 3 is an 8-bit bidirectional 
I/O 
port with 
internal 
pull ups. The Port 3 output 
buffers 
can drive 
LS TTL inputs. 
Port 3 pins that 
have 
1's written 
to 
them are pulled 
high by the internal 
pullups, 
and in 
that state 
can be used as inputs. 
As inputs, 
Port 3 
pins that are externally 
pulled low will source current 
(IlL, on the data sheet) 
because 
of the pull ups. 


Port 3 also serves 
the functions 
of various 
special 
features 
of the 8051 Family, as listed below: 


Port Pin 
Alternate 
Function 


P3.0 
RXD (serial input port) 
P3.1 
TXD (serial output port) 
P3.2 
INTO (external 
interrupt 
0) 
P3.3 
INT1 (external 
interrupt 
1) 
P3.4 
TO (Timer 0 external 
input) 
P3.5 
T1 (Timer 1 external 
input) 
P3.6 
WR (external 
data memory write strobe) 
P3.7 
RD (external 
data memory 
read strobe) 


RST: Reset input. A high on this pin for two machine 
cycles 
while 
the oscillator 
is running 
resets 
the de- 
vice. The port pins will be driven to their reset condi- 
tion when a minimum VIHI voltage 
is applied whether 
the oscillator 
is running 
or not. An internal 
pulldown 
resistor 
permits 
a power-on 
reset with only a capaci- 
tor connected 
to Vcc. 


ALE: Address 
Latch Enable output pulse for latching 
the low byte of the address 
during 
accesses 
to ex- 
ternal 
memory. 
This 
pin 
(ALE/PROG) 
is also 
the 
program 
pulse input during EPROM programming 
for 
the 87C5X. 


In normal 
operation 
ALE 
is emitted 
at a constant 
rate of % the oscillator 
frequency, 
and may be used 
for external 
timing or clocking 
purposes. 
Note, how- 
ever, that one ALE pulse is skipped 
during each ac- 
cess to external 
Data Memory. 


• 


If desired, 
ALE operation 
can be disabled 
by setting 
bit 0 of SFR location 
8EH. With the bit set, ALE is 
active 
only 
during 
a MOVX 
or 
MOVC 
instruction. 


Otherwise, 
the pin is weakly 
pulled high. Setting 
the 
ALE-disable 
bit has no effect if the microcontroller 
is 
in external 
execution 
mode. 


Throughout 
the 
remainder 
of this data 
sheet, 
ALE 
will refer to the signal coming 
out of the ALE/PROG 
pin, and the pin will be referred 
to as the ALE/PROG 
pin. 


PSEN: Program 
Store 
Enable 
is the read strobe 
to 
external 
Program 
Memory. 


When 
the 8XC5X 
is executing 
code 
from 
external 
Program 
Memory, 
PSEN 
is activated 
twice 
each 
machine 
cycle, 
except 
that 
two 
PSEN 
activations 
are 
skipped 
during 
each 
access 
to external 
Data 
Memory. 


EA/Vpp: 
External 
Access 
enable. 
EA 
must 
be 
strapped 
to VSS 
in order 
to enable 
the 
device 
to 
fetch code from external 
Program 
Memory 
locations 
OOOOHto OFFFFH. Note, however, 
that if any of the 
Lock 
bits 
are 
programmed, 
EA 
will 
be 
internally 
latched 
on reset. 


EA should 
be strapped 
to Vcc 
for internal 
program 
executions. 


This pin also receives 
the programming 
supply volt- 
age (Vpp) during EPROM 
programming. 


XTAL 1: Input to the inverting 
oscillator 
amplifier. 


XTAL2: 
Output 
from the inverting 
oscillator 
amplifi- 
er. 


XT AL 1 and XT AL2 are the input and output, 
respec- 
tively, 
of a inverting 
amplifier 
which 
can be config- 
ured for use as an on-chip 
oscillator, 
as shown 
in 
Figure 3. Either a quartz crystal or ceramic 
resonator 
may be used. More detailed 
information 
concerning 
the use of the on-chip 
oscillator 
is available 
in Appli- 
cation 
Note 
AP-155, 
"Oscillators 
for 
Microcontrol- 
lers", 
Order No. 230659. 


~ 


' 
o 
XU" 


Cl 


XTAll 


V" 


C1, C2 = 30 pF ± 10 pF for Crystals 
For Ceramic 
Resonators, 
contact 
resonator 
manufac- 
turer. 


To drive the device 
from 
an external 
clock 
source, 


XTAL 1 should 
be 
driven, 
while 
XTAL2 
floats, 
as 
shown in Figure 4. There are no requirements 
on the 
duty cycle of the external 
clock 
signal, since the in- 


put to the internal 
clocking 
circuitry 
is through 
a di- 


vide-by-two 
flip-flop, 
but 
minimum 
and 
maximum 
high and low times specified 
on the data sheet must 
be observed. 


An external 
oscillator 
may encounter 
as much as a 
100 pF load at XTAL 1 when it starts up. This is due 
to interaction 
between 
the amplifier 
and its feedback 
capacitance. 
Once the external 
signal meets the VIL 
and VIH specifications 
the capacitance 
will not ex- 
ceed 20 pF. 


EXTERNA.L 


OSCILLATOR 


SIGNAL 


The user's software 
can invoke the Idle Mode. When 
the microcontroller 
is in this mode, power consump- 
tion is reduced. 
The Special 
Function 
Registers 
and 
the onboard 
RAM retain their values during Idle, but 
the 
processor 
stops 
executing 
instructions. 
Idle 
Mode will be exited 
if the chip is reset or if an en- 
abled interrupt 
occurs. 


Mode 
Program 
ALE 
PSEN 
PORTO 
PORT1 
PORT2 
PORT3 
Memory 


Idle 
Internal 
1 
1 
Data 
Data 
Data 
Data 


Idle 
External 
1 
1 
Float 
Data 
Address 
Data 


Power Down 
Internal 
0 
0 
Data 
Data 
Data 
Data 


Power Down 
External 
0 
0 
Float 
Data 
Data 
Data 


To save even more power, a Power Down mode can 
be invoked 
by software. 
In this mode, the oscillator 


is stopped 
and the 
instruction 
that 
invoked 
Power 
Down 
is the last instruction 
executed. 
The on-chip 
RAM and Special 
Function 
Registers 
retain their val- 
ues until the Power Down mode is terminated. 


On the 8XC5X either a hardware 
reset or an external 


interrupt 
can cause an exit from Power Down. Reset 
redefines 
all the SFRs but does not change 
the on- 
chip 
RAM. 
An 
external 
interrupt 
allows 
both 
the 
SFRs and on-chip 
RAM to retain their values. 


To properly 
terminate 
Power Down, the reset or ex- 
ternal interrupt 
should not be executed 
before Vcc is 
restored 
to its normal 
operating 
level, and must be 
held active 
long enough 
for the oscillator 
to restart 
and stabilize 
(normally 
less than 10 ms). 


With 
an external 
interrupt, 
INTO and INT1 must be 
enabled 
and configured 
as level-sensitive. 
Holding 
the pin low restarts the oscillator 
but bringing the pin 
back 
high completes 
the exit. Once the interrupt 
is 
serviced, 
the 
next 
instruction 
to be executed 
after 
RETI will be the one following 
the instruction 
that put 
the device 
into Power Down. 


• 
The 8XC5X-L 
will operate 
at 3.3V ± O.3V at a fre- 
quency 
range 
of 3.5 MHz to 8 MHz. Operating 
beyond 
these specifications 
could cause improp- 
er device functionality. 
(To program 
the 87C5X-L, 
follow 
the same procedure 
as the 87C5X.) 


• 
When running out of internal 
program/data 
mem- 
ory, 
the 
8XC5X-3 
can 
be 
operated 
using 
a 
24 
MHz clock. 
If the 8XC5X-3 
is running 
out of 


external program/data 
memory, the operating 
fre- 


quency 
must 
be between 
3.5 MHz 
to 20 MHz. 


The 8XC5X-3 will, not function 
properly 
at 24 MHz 
when running out of external 
program/data 
mem- 
ory. 


• 
The window 
on the D87C5X 
must be covered 
by 2 


an opaque 
label. Otherwise, 
the DC and AC char- 


acteristics 
may not be met, and the device 
may 
be functionally 
impaired. 


• 
When the idle mode is terminated 
by a hardware 


reset, the device 
normally 
resumes 
program 
exe- 


cution, 
from where 
it left off, up to two machine 
cycles 
before 
the internal 
reset 
algorithm 
takes 


control. 
On-chip 
hardware 
inhibits access to inter- 


nal RAM in this event, but access to the port pins 
is not inhibited. 
To eliminate 
the possibility 
of an 


unexpected 
write when 
Idle is terminated 
by re- 


set, the instruction 
following 
the one that invokes 
Idle should not be one that writes to a port pin or 
to external 
memory. 


The ONCE ("On-Circuit 
Emulation") 
Mode facilitates 


testing 
and debugging 
of systems 
using the 8XC5X 


without 
the 8XC5X 
having 
to be removed 
from the 
circuit. The ONCE Mode is invoked 
by: 


1) Pull ALE 
low while 
the 
device 
is in reset 
and 
PSEN is high; 


2) Hold ALE low as RST is deactivated 
. 


While the device 
is in ONCE 
Mode, the Port 0 pins 
float and the other port pins and ALE and PSEN are 
weakly pulled high. The oscillator 
circuit remains 
ac- 


tive. While the 8XC5X is in this mode, an emulator 
or 
test 
CPU can be used to drive 
the circuit. 
Normal 
operation 
is restored 
when a normal reset is applied. 


NOTE: 
For more detailed information on the reduced power modes refer to current Embedded Microcontrollers and Processors 
Handbook Volume I, (Order No. 270645) and Application Note AP-252 (Embedded Applications Handbook, Order No. 
270648), "Designing with the 80C51BH." 


The Intel EXPRESSsystem offers enhancements to 
the operational specifications of the MCS 51 family 
of microcontrollers. These EXPRESS products are 
designed to meet the needs of those applications 
whose operating requirements exceed commercial 
standards. 


The EXPRESS program includes the commercial 
standard temperature range with burn-in and an ex- 
tended temperature range with or without burn-in. 


With the commercial standard temperature range, 
operational characteristics are guaranteed over the 
temperature range of O·C to + 70·C. With the ex- 


ItmUt:lU It:lmpt:lraIUrt:l rangt:l opllon, 
Opt:lrallOnal 
cnar- 


acteristics are guaranteed over the range of -40·C 
to + 85·C. 


The optional burn-in is dynamic for a minimum time 
of 168 hours at 125·C with VCC = 6.9V ± 0.25V, 
following guidelines in MIL-STD-883, Method 1015. 


Package types and EXPRESSversions are identified 
by a one- or two-letter prefix to the part number. The 
prefixes are listed in Table 3. 


For the extended temperature range option, this 
data sheet specifies the parameters which deviate 
from their commercial temperature range limits. 


Prefix 
Package 
Temperature 
Burn-In 
Type 
Range 


P 
Plastic 
Commercial 
No 


D 
Cerdip 
Commercial 
No 


N 
PLCC 
Commercial 
No 


S 
QFP 
Commercial 
No 


TP 
Plastic 
Extended 
No 


TD 
Cerdip 
Extended 
No 


TN 
PLCC 
Extended 
No 


TS 
QFP 
Extended 
No 


LP 
Plastic 
Extended 
Yes 


LD 
Cerdip 
Extended 
Yes 


LN 
PLCC 
Extended 
Yes 


LS 
QFP 
Extended 
Yes 


NOTE: 
Contact 
distributor 
or local sales office 
to match 
EXPRESS 
prefix with proper 
device. 


EXAMPLES: 
P80C52 
indicates 
80C52 
in a plastic 
package 
and specified 
for commercial 
temperature 
range, 
without 
burn-in. 
TD80C52 


indicates 
80C52 
in a Cerdip 
package 
and specified 
for extended 
temperature 
range, without 
burn-in. 


NOTICE: This data sheet contains 
preliminary infor- 
mation on new products in production. The specifica- 
tions are subject to change without notice. Verify with 
your local Intel Sales office that you have the latest 
data sheet before finalizing a design. 


• WARNING: Stressing the device beyond the "Absolute 
Maximum 
Ratings" 
may 
cause 
permanent 
damage. 


These are stress ratings only. Operation 
beyond 
the 
"Operating 
Conditions" 
is not recommended 
and ex- 


tended 
exposure 
beyond 
the 
"Operating 
Conditions" 


may affect device reliability. 


Ambient 
Temperature 
Under Bias. 
- 40°C to + 85°C 


Storage Temperature 
- 65°C to + 150°C 


Voltage 
on EAlVpp 
Pin to VSS 
OV to + 13.0V 


Voltage 
on Any Other Pin to Vss 
.. - 0.5V to + 6.5V 


IOL Per I/O Pin 
15 mA 


Power Dissipation 
1.5W 
(based on PACKAGE 
heat transfer 
limitations, 
not 
device 
power consumption) 


Symbol 
Description 
Mln 
Max 
Units 


TA 
Ambient 
Temperature 
Under Bias 
Commercial 
0 
+70 
°C 
Express 
-40 
+85 
°C 


Vce 
Supply Voltage 
-L 
3.0 
3.6 
V 
All Others 
4.0 
6.0 
V 


fose 
Oscillator Frequency 
8XC5X 
3.5 
12 
MHz 
8XC5X-1 
3.5 
16 
MHz 
8XC5X-20 
3.5 
20 
MHz 


DC CHARACTERISTICS 
(Over Operating 
Conditions) 
All parameter 
values 
apply to all devices 
unless otherwise 
indicated. 


Symbol 
Parameter 
Min 
Typ 
Max 
Unit 
Test Conditions 
(Note 4) 


VIL 
Input Low Voltage 
-0.5 
0.2VCC-0.1 
V 


VIL1 
Input Low Voltage 
EA 
0 
0.2 Vee-0.3 
V 


VIH 
Input High Voltage 
0.2 Vec+0.9 
Vce+0.5 
V 
(Except XTAL 1, RST) 


VIH1 
Input High Voltage 
0.7 Vee 
VCC+0.5 
V 
(XTAL 1, RST) 


VOL 
Output Low Voltage 
(Note 5) 
0.3 
V 
IOL = 100 /LA (Note 1) 


(Ports 1, 2 and 3) 
0.45 
V 
IOL = 1.6 mA (Note 1) 


1.0 
V 
IOL = 3.5 mA (Note 1) 


Vou 
Output Low Voltage 
(Note 5) 
0.3 
V 
IOL = 200 /LA (Note 1) 


(Port 0, ALE, PSEN) 
0.45 
V 
IOL = 3.2 mA (Note 1) 


1.0 
V 
IOL = 7.0 mA (Note 1) 


VOH 
Output 
High Voltage 
Vcc-0.3 
V 
IOH = -10 
/LA 
(Ports 1, 2 and 3, ALE, PSEN) 
Vcc-0.7 
V 
IOH = -30/LA 


Vcc-1.5 
V 
IOH = -60/LA 


• 


DC CHARACTERISTICS 
(Over Operating 
Conditions) 
(Continued) 
All parameter 
values 
apply to all devices 
unless otherwise 
indicated. 


Symbol 
Parameter 
Min 
Typ 
Max 
Unit 
Test Conditions 
(Note 4) 


VOH1 
Output High Voltage 
Vcc-0.3 
V 
IOH = -200/-LA 
(Port 0 in External 
Bus Mode) 
Vcc-0.7 
V 
IOH = -3.2 
mA 


Vcc-1.5 
V 
IOH = -7.0 
mA 


IlL 
Logical 0 Input Current 
(Ports 1, 2 and 3) 
-50 
/-LA 
VIN = OA5V 


III 
Input leakage Current (Port 0) 
±10 
/-LA 
VIN = VIL or VIH 


ITL 
Logical 
1 to 0 Transition 
Current 
(Ports 1, 2 and 3) 
Commercial 
-650 
/-LA 
VIN = 2V 
Express 
-750 
/-LA 


RRST 
RST Pulldown 
Resistor 
40 
225 
KO 


CIO 
Pin Capacitance 
10 
pF 
@1 MHz, 25°C 


ICC 
Power Supply Current: 
(Note 3) 
Active Mode 
at 12 MHz (Figure 5) 
15 
30 
mA 
at 16 MHz 
38 
mA 
at 20 MHz 
47 
mA 
at 24 MHz 
56 
mA 
8XC5X-L at 8 MHz 
12 
mA 
Idle Mode 
at 12 MHz (Figure 5) 
5 
7.5 
mA 
at 16 MHz 
9.5 
mA 
at 20 MHz 
11.5 
mA 
at 24 MHz 
13.5 
mA 
Power Down Mode 
5 
75 
/-LA 


NOTES: 
1. Capacitive loading on Ports 0 and 2 may cause noise pulses above 0.4V to be superimposed on the VOLSof ALE and 
Ports 1, 2 and 3. The noise is due to external bus capacitance discharging into the Port 0 and Port 2 pins when these pins 
change from 1 to O.In applications where capacitive loading exceeds 100 pF, the noise pulses on these signals may exceed 
0.8V. It may be desirable to qualify ALE or other signals with a Schmitt Triggers, or CMOS-level input logic. 
2. Capacitive loading on Ports 0 and 2 cause the VOHon ALE and PSEN to drop below the 0.9 Vcc specification when the 
address lines are stabilizing. 
3. See Figures 6-9 for test conditions. Minimum VCCfor Power Down is 2V. 
4. Typicals are based on a limited number of samples and are not guaranteed. The values listed are at room temperature 
and 5V. 
5. Under steady state (non-transient) conditions, IOLmust be externally limited as follows: 
Maximum IOLper port pin: 
10mA 
Maximum IOLper 8-bit port- 
Port 0: 
26 mA 
Ports 1, 2 and 3: 
15 mA 
Maximum total IOLfor all output pins: 
71 mA 
If IOLexceeds the test condition, VOL may exceed the related specification. Pins are not guaranteed to sink current greater 
than the listed test conditions. 


lee Max at other 
frequencies 
is given by: 


Active 
Mode 
lee Max = 2.2 x Freq + 3.1 
Idle Mode 


lee Max = 0.5 x Freq + 1.5 
Where 
Freq is in MHz, lee Max is given in mA. 


CLOCK 
(NC) 
XTAL2 


SIGNAL ----+ 
XTAL 1 
Vss 


VCC-0.5 
------- 
0.7 vcc 
0.45V 
0.2 Vcc-O.l 


TCHCL 


XTAL2 


XTAL 1 
vss 


Figure 6. lee Test Condition, 
Active 
Mode 


Figure 8. lee Test Condition, 
Power Down Mode 
Yee = 2.0Y to 6.0Y 


XTAL2 


XTAL 1 


VSS 


• 


Each timing symbol 
has 5 characters. 
The first char- 


acter 
is always 
a 'T' 
(stands 
for time). 
The 
other 
characters, 
depending 
on their 
positions, 
stand 
for 
the 
name 
of a signal 
or the 
logical 
status 
of that 
signal. The following 
is a list of all the characters 
and 
what they stand for. 


A: Address 


C: Clock 


D: Input Data 


H: Logic level HIGH 


I: Instruction 
(program 
memory 
contents) 


L: LOgiC level LUVV, or ALt: 


P: PSEN 


Q: Output 
Data 


R: RD signal 


T: Time 


V: Valid 


W: WR signal 


X: No longer a valid logic level 


Z: Float 


TAVLL = Time from Address 
Valid to ALE Low 


TLLPL 
= Time from ALE Low to PSEN Low 


AC CHARACTERISTICS 
(Over Operating 
Conditions, 
Load Capacitance 
for Port 0, ALE/PROG 
and 
PSEN = 100 pF, Load Capacitance 
for All Other Outputs 
= 80 pF) 


EXTERNAL 
MEMORY 
CHARACTERISTICS 
All parameter 
values apply to all devices 
unless otherwise 
indicated. 
In this table, 8XC5X refers to 8XC5X and 
8XC5X-1. 


12 MHz 
20 MHz 
Variable 


Symbol 
Parameter 
Oscillator 
Oscillator 
Oscillator 
Units 


Min 
Max 
Min 
Max 
Min 
Max 


1/TCLCL 
Oscillator 
Frequency 
8XC5X 
3.5 
12 
MHz 
8XC5X-1 
3.5 
16 
MHz 
8XC5X-20 
3.5 
20 
MHz 


TLHLL 
ALE Pulse Width 
127 
60 
2 TCLCL 
- 
40 
ns 


TAVLL 
Address 
Valid to 
43 
10 
TCLCL 
- 
40 
ns 
ALE Low 


TLLAX 
Address 
Hold After 
53 
20 
TCLCL 
- 
30 
ns 
ALE Low 


TLLlV 
ALE Low to Valid 
Instruction 
In 
8XC5X 
234 
4 TCLCL 
- 
100 
ns 
8XC5X-20 
125 
4 TCLCL 
- 
75 
ns 


TLLPL 
ALE Low to PSEN 
53 
20 
TCLCL 
- 
30 
ns 
Low 


TPLPH 
PSEN Pulse Width 
205 
105 
3 TCLCL 
- 
45 
ns 


TPLIV 
PSEN Low to Valid 
Instruction 
In 
8XC5X 
145 
3 TCLCL 
- 
105 
ns 
8XC5X-20 
60 
3 TCLCL 
- 
90 
ns 


TPXIX 
Input Instruction 
0 
0 
0 
ns 
Hold After PSEN 


EXTERNAL 
MEMORY 
CHARACTERISTICS 
(Continued) 
All parameter 
values 
apply to all devices 
unless otherwise 
indicated. 


12 MHz 
20 MHz 
Variable 


Symbol 
Parameter 
Oscillator 
Oscillator 
Oscillator 
Units 


Mln 
Max 
Min 
Max 
Mln 
Max 


TPXIZ 
Input Instruction Float 
AfterPSEN 
8XC5X 
59 
TCLCL - 
25 
ns 
8XC5X-20 
30 
TCLCL - 
20 
ns 


TAVIV 
Address to Valid 
312 
145 
5 TCLCL - 
105 
ns 
Instruction In 


TPLAZ 
PSEN Low to Address 
10 
10 
10 
ns 
Float 


TRLRH 
RD Pulse Width 
400 
200 
6 TCLCL - 
100 
ns 


TWLWH 
WR Pulse Width 
400 
200 
6 TCLCL - 
100 
ns 


TRLDV 
RD Low to Valid Data In 
8XC5X 
252 
5 TCLCL - 
165 
ns 
8XC5X-20 
155 
5 TCLCL - 
95 
ns 


TRHDX 
Data Hold After RD 
0 
0 
0 
ns 


TRHDZ 
Data Float After RD 
107 
40 
2 TCLCL - 
60 
ns 


TLLDV 
ALE Low to Valid Data In 
8XC5X 
517 
8 TCLCL - 
150 
ns 
8XC5X-20 
310 
8 TCLCL - 
90 
ns 


TAVDV 
Address to Valid Data In 
8XC5X 
585 
9 TCLCL - 
165 
ns 
8XC5X-20 
360 
9 TCLCL - 
90 
ns 


TLLWL 
ALE Low to RD or WR 
200 
300 
100 
200 
3 TCLCL - 
50 
3 TCLCL + 50 
ns 
Low 


TAVWL 
Address Valid to WR 
Low 
8XC5X 
203 
4 TCLCL - 
130 
ns 
8XC5X-20 
110 
4 TCLCL - 
90 
ns 


TQVWX 
Data Valid before WR 
8XC5X 
33 
TCLCL - 
50 
ns 
8XC5X-20 
15 
TCLCL - 
35 
ns 


TWHQX 
Data Hold after WR 
8XC5X 
33 
TCLCL - 
50 
ns 
8XC5X-20 
10 
TCLCL - 
40 
ns 


TQVWH 
Data Valid to WR High 
8XC5X 
433 
7 TCLCL - 
150 
ns 
8XC5X-20 
280 
7 TCLCL - 
70 
ns 


TRLAZ 
RD Low to Address Float 
0 
0 
0 
ns 


TWHLH 
RD or WR High to ALE 
43 
123 
10 
90 
TCLCL - 
40 
TCLCL + 40 
ns 
High 


• 


TLLDV 
, I 


TRLRH 


A8-A 
15 
FROt.4 PCH 


272336-13 


12 MHz 
20 MHz 
Variable 


Symbol 
Parameter 
Oscillator 
Oscillator 
Oscillator 
Units 


Mln 
Max 
Mln 
Max 
Min 
Max 


TXLXL 
Serial Port Clock 
1 
0.600 
12 TCLCL 
/Ls 
Cycle Time 


TOVXH 
Output Data Setup to 
700 
367 
10 TCLCL - 
133 
ns 
Clock Rising Edge 


TXHOX 
Output Data Hold 
after Clock Rising 
Edge 
8XC5X 
50 
2 TCLCL - 
117 
ns 
8XC5X-20 
50 
2 TCLCL - 
50 
ns 


TXHDX 
Input Data Hold After 
0 
0 
0 
ns 
Clock Rising Edge 


TXHDV 
Clock Rising Edge to 
700 
367 
10 TCLCL - 
133 
ns 
Input Data Valid 


INSTRUCTION 
I 


ALE 


x 
x 
.. 
X 
5 
X 
X 
7 
I 


t 
SET 
TI 


OUTPUT 
DATA 
I 


WRITE TO SBur 


INPUT 
DATA 


t 
SET 
RI 


272336-15 


• 


Symbol 
Parameter 
Min 
Max 
Units 


1/TCLCL 
Oscillator 
Frequency 
8XC5X 
3.5 
12 
MHz 
8XC5X-1 
3.5 
16 
8XC5X-20 
3.5 
20 


TCHCX 
High Time 
20 
ns 


TCLCX 
Low Time 
20 
ns 


TCLCH 
Rise Time 
20 
ns 


TCHCL 
Fall Time 
20 
ns 


VCC-0.5~0.2VCC+0.g 
V- 


0.45 V -A_0_.2_V_C_C_-_0_., 
~ 


272336-'9 


AC Inputs 
during 
testing 
are driven 
at Vcc-0.5V 
for a Logic 
"""' 
and 0.45V for a Logic 
"'0"'. Timing 
measurements 
are made at VIH 
min for a Logic 
"""' 
and VIL max for a Logic 
"'0"'. 


VOL+O.lV 


272336-20 
For 
timing 
purposes 
a port 
pin 
is 
no 
longer 
floating 
when 
a 
'00 
mV 
change 
from 
load 
voltage 
occurs, 
and 
begins 
to float 


when 
a '00 
mV change 
from 
the loaded 
VOHIVOL 
level 
occurs. 


:OL/loH 
= 
±20 
mA (·L, IOL/loH 
= 
± 10 mAl. 


The part must 
be running 
with a 4 MHz to 6 MHz 
oscillator. 
The address 
of an EPROM 
location 
to be 
programmed 
is applied 
to address 
lines 
while 
the 
code byte to be programmed 
in that location 
is ap- 
plied to data lines. Control and program 
signals must 
be held at the levels 
indicated 
in Table 4. Normally 
EAlVpp 
is held at logic high until just before 
ALEI 
PROG is to be pulsed. The EAlVpp 
is raised to Vpp, 
ALE/PROG 
is pulsed 
low and then 
EAlVpp 
is re- 
turned 
to a high (also refer to timing diagrams). 


NOTES: 
• 
Exceeding 
the Vpp maximum 
for any amount 
of 
time could damage 
the device 
permanently. 
The 
Vpp source 
must 
be well 
regulated 
and free 
of 
glitches. 


• 
Programming 
specifications 
for the 87C5X-L 
are 
the same as the standard 
87C5X. 


ADDRESS 
LINES: 
P1.0-P1.7, 
P2.0-P2.5 
respec- 
tively for AO-A13. 


DATA 
LINES: 
PO.0-PO.7 
for 00-07. 


CONTROL 
SIGNALS: 
RST, PSEN, P2.6, P2.7, P3.3, 


P3.6, P3.7 


PROGRAM 
SIGNALS: 
ALE/PROG, 
EAlVpp 


Mode 
RST 
PSEN 
ALEI 
EAI 
P2.6 
P2.7 
P3.3 
PROG 
Vpp 
P3.6 
P3.7 


Program Code Data 
H 
L 
L..J 
12.75V 
L 
H 
H 
H 
H 


Verify Code Data 
H 
L 
H 
H 
L 
L 
L 
H 
H 


Program Encryption 
H 
L 
L..J 
12.75V 
L 
H 
H 
L 
H 
Array Address 
0-3FH 


Program Lock 
Bit 1 
H 
L 
L..J 
12.75V 
H 
H 
H 
H 
H 
Bits 
Bit2 
H 
L 
L..J 
12.75V 
H 
H 
H 
L 
L 


Bit3 
H 
L 
L..J 
12.75V 
H 
L 
H 
H 
L 


Read Signature 
Byte 
H 
L 
H 
H 
L 
L 
L 
L 
L 
• 


intel~ 


+SV 


Vcc 
87CSX 


AO-A7 
PI 
PO 
PGW DATA 


A8-A 
13 
P2.0 
- 
EA/Vpp 
P2.S 
} 
PROGRAW 


ALE/PROG 
SIGNALS 


PSEN 


P2.7 


P2.6 


XTAL 2 
CONTROL SIGNALS· 
P3.7 


P3.6 


XTAL 1 
P3.3 


VSS 
RST 


Refer to Table 4 and Figures 10 and 11 for address, 
data, and control signals set up. To program the 
87C5X the following sequence must be exercised. 
1. Input the valid address on the address lines. 
2. Input the appropriate data byte on the data 
lines. 


3. Activate the correct combination of control sig- 
nals. 
4. Raise EAlVpp from Vcc to 12.75V ±O.25V. 
5. Pulse ALE/PROG 5 times for the EPROM ar- 
ray, and 25 times for the encryption table and 
the lock bits. 


ADDRESS X 


14 BITS 


DATA 
X 
B BITS 


CONTROL 
X 
7 BITS 
SIGNALS 


12.7SV J 
TGHGL 


EA/Vpp 
SV 
-/1- 
TGLGH 


ALE/PRciG 


Repeat 1 through 5 changing the address and data 
for the entire array or until the end of the object file is 
reached. 


Program verify may be done after each byte or block 
of bytes is programmed. In either case a complete 
verify of the programmed array will ensure reliable 
programming of the 87C5X. 


The lock bits cannot be directly verified. Verification 
of the lock bits is done by observing that their fea- 
tures are enabled. 


____ 
X 
_________ 
----'X 
_________ 
----'X 
L 


The program 
lock system, 
when 
programmed, 
pro- 
tects the onboard 
program 
against 
software 
piracy. 


The 
80C5X 
has a one-level 
program 
lock 
system 
and a 64-byte 
encryption 
table. See line 2 of Table 
5. If program 
protection 
is desired. 
the user submits 
the encryption 
table 
with their 
code. 
and both 
the 
lock-bit 
and encryption 
array are programmed 
by the 
factory. 
The encryption 
array is not available 
without 
the lock bit. For the lock bit to be programmed, 
the 
user must submit an encryption 
table. 


The 87C5X has a 3-level program 
lock system and a 
64-byte 
encryption 
array. 
Since 
this is an EPROM 
device, 
all 
locations 
are 
user-programmable. 
See 
Table 5. 


Encryption 
Array 


Within the EPROM 
array are 64 bytes of Encryption 
Array that are initially unprogrammed 
(all 1's). Every 
time that a byte is addressed 
during 
a verify, 
6 ad- 
dress lines are used to select 
a byte of the Encryp- 
tion 
Array. 
This 
byte 
is 
then 
exclusive-NOR'ed 
(XNOR) 
with the code 
byte, creating 
an Encryption 
Verify 
byte. The algorithm, 
with the array in the un- 
programmed 
state (all 1's), will return the code in its 
original, 
unmodified 
form. 
For programming 
the En- 
cryption 
Array, 
refer 
to Table 
4 (Programming 
the 
EPROM). 


When using the encryption 
array, one important 
fac- 
tor needs 
to be considered. 
If a code 
byte has the 
value OFFH, verifying 
the byte will produce 
the en- 
cryption 
byte value. 
If a large block 
(> 64 bytes) 
of 
code is left unprogrammed, 
a verification 
routine will 
display the contents 
of the encryption 
array. For this 
reason 
all 
unused 
code 
bytes 
should 
be 
pro- 
grammed 
with some value other than OFFH, and not 
all of them 
the same 
value. 
This will ensure 
maxi- 
mum program 
protection. 


Program Lock Bits 


The 87C5X has 3 programmable 
lock bits that when 
programmed 
according 
to Table 5 will provide differ- 
ent 
levels 
of protection 
for the 
on-chip 
code 
and 
data. 


Erasing the EPROM 
also erases 
the encryption 
ar- 
ray and the program 
lock bits, returning 
the part to 
full functionality. 


Reading the Signature 
Bytes 


The 8XC5X 
has 3 signature 
bytes in locations 
30H, 


31 H, and 60H. To read these bytes follow the proce- 
dure for EPROM verify, but activate 
the control 
lines 
provided 
in Table 4 for Read Signature 
Byte. 


Location 
Device 
Contents 


30H 
All 
89H 


31H 
80C52 
58H/53H 
All Others 
58H 


60H 
80C52 
52H/12H 


87C52 
52H 


80C54 
54H/14H 


87C54 
54H 


80C58 
58H/18H 


87C58 
58H 


Erasure Characteristics 
(Windowed 
Packages Only) 


Erasure 
of the 
EPROM 
begins 
to occur 
when 
the 
chip is exposed 
to light with wavelength 
shorter than 
approximately 
4,000 Angstroms. 
Since sunlight 
and 
fluorescent 
lighting 
have wavelengths 
in this range, 


exposure 
to these 
light sources 
over 
an extended 
time (about 
1 week 
in sunlight, 
or 3 years 
in room- 
level 
fluorescent 
lighting) 
could 
cause 
inadvertent 


erasure. 
If an application 
subjects 
the device 
to this 
type of exposure, 
it is suggested 
that an opaque 
la- 
bel be placed 
over the window. 


The 
recommended 
erasure 
procedure 
is exposure 
to ultraviolet 
light (at 2537 Angstroms) 
to an integrat- 


ed dose 
of at least 
15 W-sec/cm2. 
Exposing 
the 
EPROM 
to an ultraviolet 
lamp 
of 12,000 
J-LW/cm2 


rating for 30 minutes, 
at a distance 
of about 
1 inch, 


should 
be sufficient. 


• 


-_ 
•..•.•.4.•..• 
, •..- 
Protection 
Type 
LB1 
LB2 
LB3 


1 
U 
U 
U 
No Program Lock features 
enabled. 
(Code verify will still be encrypted 
by the 
Encryption 
Array if programmed.) 


2 
P 
U 
U 
MOVC instructions 
executed 
from external 
program 
memory are disabled 
from 
fetching 
code bytes from internal 
memory, 
EA is sampled 
and latched on 
Reset, and further programming 
of the EPROM is disabled. 


3 
P 
P 
U 
Same as 2, also verify is disabled. 


4 
P 
P 
P 
Same as 3, also external execution 
is disabled. 


NOTE: 
Any other combination of the lock bits is not defined. 


EPROM 
PROGRAMMING 
AND VERIFICATION 
CHARACTERISTICS 
(TA = 21°C to 27°C; Vcc = 5V ± 20%; 
Vss = OV) 


Symbol 
Parameter 
Min 
Max 
Units 


Vpp 
Programming 
Supply Voltage 
12.5 
13.0 
V 


Ipp 
Programming 
Supply Current 
75 
mA 


1/TCLCL 
Oscillator 
Frequency 
4 
6 
MHz 


TAVGL 
Address 
Setup to PROG Low 
48TCLCL 


TGHAX 
Address 
Hold after PROG 
48TCLCL 


TDVGL 
Data Setup to PROG Low 
48TCLCL 


TGHDX 
Data Hold after PROG 
48TCLCL 


TEHSH 
(Enable) High to Vpp 
48TCLCL 


TSHGL 
Vpp Setup to PROG Low 
10 
/los 


TGHSL 
Vpp Hold after PROG 
10 
/los 


TGLGH 
PROG Width 
90 
110 
/los 


TAVQV 
Address 
to Data Valid 
48TCLCL 


TELQV 
ENABLE 
Low to Data Valid 
48TCLCL 


TEHQZ 
Data Float after ENABLE 
0 
48TCLCL 


TGHGL 
PROG High to PROG Low 
10 
/los 


CONTROL 


SIGNALS 


(ENABLE) 


TGHDX 


TGHAX 


All thermal 
impedance 
data is approximate 
for static 
air conditions 
at 1W of power dissipation. 
Values will 
change 
depending 
on operating 
conditions 
and ap- 
plications. 
See the Intel Packaging 
Handbook 
(Order 
Number 
240800) 
for a description 
of Intel's 
thermal 


impedance 
test methodology. 


Package 
(JJA 
(JJC 
Device 


P 
45°C/W 
16°C/W 
All 
0 
45°C/W 
15°C/W 
All 
N 
46°C/W 
16°C/W 
All 
S 
8rC/W 
18°C/W 
52 
96°C/W 
24°C/W 
54 
90°C/W 
22°C/W 
58 


• 


This 
8XC5X 
datasheet 
(272336-001) 
replaces 
the 
following 
datasheets: 


87C52/80C52/80C32 
87C52/80C52/80C32 
EXPRESS 
87C52-20/80C52-20/80C32-20 
87C54/80C54 
87C54/80C54 
EXPRESS 
87C54-201 -3 80C54-201-3 
87C54/80C58 
87C58/80C58 
EXPRESS 
87C58-201 -3 80C58-201-3 


270757-003 
270868-002 
272272-001 
270816-004 
270901-001 
270941-003 
270900-003 
270902-001 
272029-002 


S7C51 /SOC51 BH/SOC31 BH 
CHMOS 
SINGLE-CHIP 
S-BIT MICROCONTROLLER 
Commercial/Express 


87C51/80C51 
BH/80C51 
BHP /80C31 BH 
'See Table 1 for Proliferation 
Options 


• 
High Performance 
CHMOS 
EPROM 


• 
24 MHz Internal 
Operation 
(-3 Only) 


• 
Improved 
Quick-Pulse 
Programming 
Algorithm 


• 
3-Level 
Program 
Memory 
Lock 


• 
Boolean 
Processor 


• 
128-Byte 
Data RAM 


• 
32 Programmable 
I/O Lines 


• 
Two 16-Bit Timer/Counters 


• 
Extended 
Temperature 
Range 
( - 40°C to + 85°C) 


• 
5 Interrupt 
Sources 


• 
Programmable 
Serial Port 


• 
TTL- and CMOS-Compatible 
Logic 
Levels 


• 
64K External 
Program 
Memory 
Space 


• 
64K External 
Data Memory 
Space 


• 
ONCE Mode Facilitates 
System 
Testing 


• 
Power Control 
Modes 
-Idle 
-Power 
Down 


PROGRAM 
MEMORY: 
Up to 4 Kbytes 
of the 
program 
memory 
can reside 
on-chip 
(except 
80C31 BH). In 


addition 
the device 
can address 
up to 54K of program 
memory 
external 
to the chip. 


DATA MEMORY: 
This microcontroller 
has a 128 x 8 on-chip 
RAM. In addition 
it can address 
up to 54 Kbytes of 


external 
data memory. 


The Intel 87C51 is a single-chip 
control-oriented 
microcontroller 
which is fabricated 
on Intel's reliable 
CHMOS 
III-E technology. 
The Intel 80C51 BH/80C31 
BH is fabricated 
on CHMOS 
III technology. 
Being a member 
of the 
MCS® 51 controller 
family, the 87C51 /80C51 BH/80C31 
BH uses the same powerful 
instruction 
set, has the 
same architecture, 
and is pin-for-pin 
compatib.le 
with the existing 
MCS 51 controller 
family of products. 


The 80C51 BHP is identical 
to the 80C51 BH with the exception 
of the Protection 
Feature. 
To incorporate 
this 
Protection 
Feature, 
program 
verification 
has been disabled 
and external 
memory 
accesses 
have been limited 
to 4K. 


The 87C51-3 
has the same 
3.5 MHz to 20 MHz frequency 
range 
as the 87C51-20 
when 
operating 
out of 
external 
program/data 
memory. When running out of· internal 
program/data 
memory, the 87C51-3 
can operate 
up to 24 MHz. 


The extremely 
low operating 
power, 
along with the two reduced 
power 
modes, 
Idle and Power 
Down, 
make 
this part very suitable 
for low power 
applications. 
The Idle mode freezes 
the CPU while 
allowing 
the RAM, 


timer/counters, 
serial port and interrupt 
system 
to continue 
functioning. 
The Power 
Down 
mode 
saves 
the 
RAM contents 
but freezes 
the oscillator, 
causing 
all other chip functions 
to be inoperative. 


For the remainder 
of this document, 
the 87C51, 80C51 BH, and 80C31 BH will be referred 
to as the 87C51 /BH, 


unless 
information 
applies 
to a specific 
device. 


'Standard 
·1 
·2 
·3 
-20 


80C31BH 
X 
X 
X 


80C51BH 
X 
X 
X 


80C51 BHP 
X 
X 
X 


87C51 
X 
X 
X 
X 
X 


NOTES: 
-3.5 
MHz to 12 MHz; Vcc 
= 5V ±20% 
-1 
-3.5 
MHz to 16 MHz; Vcc = 5V ±20% 
-2 
-0.5 
MHz to 12 MHz; Vcc 
= 5V ±20% 
-3 
-3.5 
MHz to 20 MHz external 
program execution; 
Vcc = 5V ±20% 


24 MHz internal program execution 


·20 
-3.5 
MHz to 20 MHz; VCC = 5V ±20% 
• 


Tne 87C511s-mar'-ufacturedon 
P629.0, 
a CHMOS 
III-E process. 
The 
80C51 BH/80C31 
BH are manu- 
factured 
on P645, a CHMOS 
III process. 
Additional 
process 
and 
reliability 
information 
is available 
in 
Intel's 
Components 
Quality 
and 
Reliability 
Hand- 


book, Order 
No. 210997. 


r"df' 
"",eliA 
...... 
•• 


87C51/BH 
P 
40-Pin Plastic 
DIP (OTP) 


D 
40-Pin CERDIP 
(EPROM) 


N 
44-Pin PLCC (OTP) 


S 
44-Pin QFP (OTP) 


80C51BHP 
P 
40-Pin Plastic DIP 
N 
44-Pin PLCC 


Vcc 
~ 


P1.1 
PO.O 
(ADO) 
': ~ ~ - ~ ~ ~ ci - 
N '" 
INDEX 
;;: 
;;: 
;;: 
;;: 
;;: 
~ ~ ~ 
P1.2 
PO.l 
(AD') 
CORNER 
> 
~ 


P1.3 
PO.2 
(A02) 


PI." 
PO.3 
(A03) 
Pl.5 
PO." 


P1.S 
PD.' 
(AD') 
Pl.6 
PO.S 


Pl.6 
PO.5 
(A05) 
Pl.7 
PO.S 


Pl.7 
PO.6 
(A06) 
RST 
PO.l 


RESET 
PO.7 
(Ao7) 
P3.0 
[A/Vpp 


(RXo) 
P3.0 
EA./Vpp 
RESERVED' 
87C51/BH 
RESERVED" 


(TXo) 
P3.1 
ALE/PROG 
P3.1 
ALE/PROG 


(INTO) 
P3.2 
PSEN 
P3.2 
PSEN 


(INTl) 
P3.3 
P2.7 
(Al5) 
P3.3 
P2.7 


(TO) 
P3.4 
P2.6 
(A ,.) 
P3.4 
P2.6 


(Tl) 
P3.5 
P2.5 
(A13) 
P3.5 
P2.5 


(ViR) 
P3.6 
P2." 
(Al2) 


(Ril) 
P3.7 
P2.3 
(A" 
) 
~ ~ 
N 
~. 
0 - 
N 
'" .. 


:;i 
:;i ~ ~ 


~ 
0 
:;' :;' :;' :;' :;' 
XTAL2 
P2.2 
(AlO) 
~ 
> 
~ 
XTAll 
P2.' 
(A9) 


Vss 
P2.0 
(AS) 


272335-3 
272335-2 
PLCC 


o 


~~ 
O-NI") 
_ 
::l e:i 
e:i 
ci 
e:i 
> 
CL. 
Q. 
0.. 
Q.. 


P1.5 


P1.6 


Pl.] 


RST 


P3.0 


RESERVED' 


P3.1 


P3.2 


P3.3 


P3.4 


P3.5 


2= ; 
tfl 
(; 
;:fl 
{; 
;:3.:0 


5: ~ 
;:~9 
(; 
87C51/BH 
;:~8 


7: : 
;:2J 
(; 
;:~6 
(; 
;:2) 


12: 
;:2) 


Vcc: 
Supply voltage 
during 
normal, 
Idle and Power 
Down operations. 


Vss: Circuit ground. 


Port 
0: Port 0 is an 8-bit open drain bidirectionalI/O 
port. As an output 
port each pin can sink 8 LS TTL 
inputs. Port 0 pins that have 1's written to them float, 
and 
in that 
state 
can 
be used 
as high-impedance 
inputs. 


Port 0 is also the multiplexed 
low-order 
address 
and 
data bus during accesses 
to external 
memory. 
In this 
application 
it uses strong internal 
pullups when emit- 
ting 1'so 


Port 0 also receives 
the code bytes during EPROM 
programming, 
and 
outputs 
the 
code 
bytes 
during 
program 
verification. 
External 
pullups 
are required 
during program 
verification. 


Port 
1: Port 1 is an 8-bit bidirectional 
I/O 
port with 
internal 
pullups. 
Port 1 pins that have 1's written 
to 
them are pulled 
high by the internal 
pullups, 
and in 
that state 
can be used as inputs. 
As inputs. 
Port 1 
pins that are externally 
pulled low will source current 
(IlL, on the data sheet) 
because 
of the internal 
pull- 
ups. 


Port 
1 also 
receives 
the 
low-order 
address 
bytes 
during 
EPROM 
programming 
and program 
verifica- 
tion. 


Port 
2: Port 2 is an 8-bit bidirectional 
I/O 
port with 
internal 
pullups. 
Port 2 pins that have 1's written 
to 
them 
are pulled 
high by the internal 
pull ups, and in 
that state 
can be used as inputs. 
As inputs, 
Port 2 
pins that are externally 
pulled low will source current 
(IlL. on the data sheet) 
because 
of the internal 
pull- 
ups. 


Port 
2 emits 
the 
high-order 
address 
byte 
during 
fetches 
from 
external 
Program 
memory 
and during 
accesses 
to external 
Data 
Memory 
that 
use 16-bit 
address 
(MOVX 
@DPTR). In this application 
it uses 
strong 
internal 
pull ups when emitting 
1'so 


During accesses 
to external 
Data Memory 
that use 
8-bit addresses 
(MOVX 
@Ri), Port 2 emits the con- 
tents of the P2 Special 
Function 
Register. 


Port 2 also 
receives 
some 
control 
signals 
and the 
high-order 
address 
bits during EPROM programming 
and program 
verification. 


In the 80C51 BHP, bits 2.4-2.7 
are forced 
to 0, ef- 
fectively 
limiting external 
data and code space to 4K 
each during external 
accesses 
(see Design Consid- 
erations). 


Port 
3: Port 3 is an 8-bit bidirectional 
I/O 
port with 
internal 
pullups. 
Port 3 pins that have 1's written 
to 
them are pulled 
high by the internal 
pull ups, and in 
that state 
can be used as inputs. 
As inputs. 
Port 3 
pins that are externally 
pulled low will source current 
(IlL, on the data sheet) because 
of the pullups. 


Port 3 also serves 
the functions 
of various 
special 
features 
of the MCS-51 
Family, as listed below: 


Pin 
Name 
Alternate 
Function 


P3.0 
RXD 
Serial input line 
P3.1 
TXD 
Serial output line 
P3.2 
INTO 
External 
Interrupt 
0 
P3.3 
INT1 
External 
Interrupt 
1 
P3.4 
TO 
Timer 0 external 
input 
P3.5 
T1 
Timer 1 external 
input 
P3.6 
WR 
External 
Data Memory Write strobe 
P3.7 
RD 
External Data Memory Read strobe 


Port 
3 
also 
receives 
some 
control 
signals 
for 
EPROM 
programming 
and program 
verification. 


RST: Reset input. A high on this pin for two machine 
cycles 
while the oscillator 
is running 
resets 
the de- 


vice. The port pins will be driven to their reset condi- 
tion when a minimum 
VIH1 voltage 
is applied 
wheth- 
er the oscillator 
is running 
or not (87C51 
only). An 
internal 
pulldown 
resistor 
permits 
a power-on 
reset 
with only a capacitor 
connected 
to Vcc. 


In order to reset the 80C51 BH/80C31 
BH port pins, 


the oscillator 
must be running. 
At least 19 oscillator 
periods 
must occur 
after a logic 
1 is applied 
to the 
RST input 
before 
the 
port 
pins are driven 
to their 
reset state. 


ALE/PROG: 
Address 
Latch Enable output signal for 
latching 
the low byte of the address 
during accesses 
to external 
memory. 
This 
pin is also 
the 
program 
pulse input (PROG) during EPROM 
programming. 


If desired, 
ALE operation 
can be disabled 
by setting 
bit 0 of SFR location 
8EH. With the bit set, ALE is 
active 
only 
during 
a MOVX 
or 
MOVe 
instruction. 
Otherwise 
the pin is weakly 
pulled 
high. Setting 
the 
ALE-disable 
bit has no effect if the microcontroller 
is 
in external 
execution 
mode. 


• 


In normal 
operation 
ALE 
is emitted 
at a constant 
rate 
of 
116 the 
oscillator 
frequency, 
and 
may 
be 
used for external 
timing or clocking 
purposes. 
Note, 
however, 
that one ALE pulse is skipped 
during each 
access 
to external 
Data Memory. 


PSEN: Program 
Store Enable 
is the Read strobe to 
External 
Program 
Memory. 
When 
the 87C51/BH 
is 
executing 
from 
Internal 
Program 
Memory, 
PSEN is 
inactive 
(high). 
When 
the device 
is executing 
code 
from 
External 
Program 
Memory, 
PSEN is activated 
twice 
each 
machine 
cycle, 
except 
that 
two 
PSEN 
activations 
are skipped 
during each access to Exter- 
nal Data Memory. 


EA/Vpp: 
External 
Access 
enable. 
EA 
must 
be 
strapped 
to Vss in order to enable the 87C51 IBH to 
fetch code from External 
Program Memory 
locations 
starting 
at OOOOH up to FFFFH. 
Note, however, 
that 
if either 
of the 
Lock 
Bits is programmed, 
the logic 
level at EA is internally 
latched 
during reset. 


EA must 
be strapped 
to VCC for internal 
program 
execution. 


This pin also receives 
the 12.75V programming 
sup- 
ply voltage 
(Vpp) during EPROM 
programming. 


XTAL2: 
Output 
from the inverting 
oscillator 
amplifi- 
er. 


XTAL 1 and XT AL2 are the input and output, 
respec- 
tively, of an inverting 
amplifier 
which 
can be config- 


ured for use as an on-chip 
oscillator, 
as shown 
in 
Figure 3. 


To drive the device 
from 
an external 
clock 
source, 


XTAL 1 should 
be driven, while XT AL2 is left uncon- 
nected, 
as shown in Figure 4. There are no require- 
ments on the duty cycle of the external 
clock signal, 


since 
the 
input 
to the 
internal 
clocking 
circuitry 
is 
through 
a divide-by-two 
flip-flop, 
but minimum 
and 
maximum 
high and low times 
specified 
on the data 
sheet must be observed. 


An external 
oscillator 
may encounter 
as much as a 
100 pF load at XTAL 1 when it starts up. This is due 
to interaction 
between 
the amplifier 
and its feedback 
capacitance. 
Once the external 
signal meets the VIL 
and VIH specifications 
the capacitance 
will not ex- 
ceed 20 pF. 


EXTERNAL 


OSCILLATOR 


SIGNAL 


In Idle Mode, the CPU puts itself to sleep while 
all 
the on-chip 
peripherals 
remain 
active. 
The mode is 
invoked 
by software. 
The 
content 
of 
the 
on-chip 
RAM and all the Special 
Functions 
Registers 
remain 
unchanged 
during this mode. The Idle Mode can be 


terminated 
by any enabled 
interrupt 
or by a hard- 
ware reset. 


It should be noted that when Idle is terminated 
by a 
hardware 
reset, 
the 
device 
normally 
resumes 
pro- 
gram execution, 
from where it left off, up to two ma- 
chine 
cycles 
before 
the 
internal 
reset 
algorithm 
takes 
control. 
On-chip 
hardware 
inhibits 
access 
to 
internal 
RAM 
in this event, 
but access 
to the port 
pins is not inhibited. 
To eliminate 
the possibility 
of an 
unexpected 
write to a port pin when Idle is terminat- 
ed by reset, 
the 
instruction 
following 
the one 
that 
invokes 
Idle should 
not be one that writes to a port 
pin or to external 
memory. 


In the Power 
Down 
mode the oscillator 
is stopped, 
and the instruction 
that invokes 
Power 
Down is the 


last 
instruction 
executed. 
The 
on-chip 
RAM 
and 
Special 
Function 
Registers 
retain 
their values 
until 


the Power Down mode is terminated. 


The only exit from Power Down is a hardware 
reset. 


Reset redefines 
the SFRs but does not change 
the 
on-chip 
RAM. The reset should 
not be activated 
be- 


fore Vcc is restored 
to its normal operating 
level and 
must be held active long enough to allow the oscilla- 
tor to restart 
and stabilize. 


• 
Exposure 
to light when the device 
is in operation 
may cause logic errors. For this reason, 
it is sug- 
gested 
that an opaque 
label be placed 
over the 
window 
when the die is exposed 
to ambient 
light. 


• 
When running out of internal 
program/data 
mem- 
ory, 
the 
87C51-3 
can 
be 
operated 
using 
a 
24 MHz clock. 
If the 87C51-3 
is running 
out of 
external 
program/data 
memory, 
the 
operating 
frequency 
must be between 
3.5 MHz to 20 MHz. 


The 87C51-3 
will not function 
properly 
at 24 MHz 
when running out of external 
program/data 
mem- 


ory. 


• 
The 80C51 BHP cannot 
access 
external 
Program 
or Data memory 
above 
4K. This means 
that the 
following 
instructions 
that 
use the 
Data 
Pointer 
2 


only read/write 
data at address 
locations 
below 
OFFFH: 


MOVX A,@DPTR 
MOVX @DPTR,A 


When 
the 
Data 
Pointer 
contains 
an 
address 
above the 4K limit, those 
locations 
will not be ac- 


cessed. 
To access 
Data Memory 
above 
4K, the 
MOVX @Ri ,A or MOVX A,@Ri instructions 
must be 
used. 


• 
The 87C51 has some additional 
features 
that are 
not 
available 
on 
the 
80C51 BH/80C31 
BH. 
The 
features 
are: asynchronous 
port reset, 4 interrupt 


priority 
levels, 
power 
off flag, ALE disable, 
serial 
port 
automatic 
address 
recognition, 
serial 
port 


framing 
error detection, 
54-byte 
encryption 
array, 


and 3 program 
lock bits. These 
features 
cannot 
be used with the 80C51 BH/80C31 
BH. 


Mode 
Program 
ALE 
PSEN 
PORTO 
PORn 
PORT2 
PORT3 
Memory 


Idle 
Internal 
1 
1 
Data 
Data 
Data 
Data 


Idle 
External 
1 
1 
Float 
Data 
Address 
Data 


Power Down 
Internal 
0 
0 
Data 
Data 
Data 
Data 


Power Down 
External 
0 
0 
Float 
Data 
Data 
Data 


NOTE: 
For more detailed 
information 
on the reduced 
power modes 
refer to current 
Embedded 
Microcontrollers 
and Processors 
Handbook 
Volume 
I (Order 
No. 270645), 
and Application 
Note AP-252 
(Embedded 
Applications 
Handbook, 
Order 
No. 
270648), "Designing 
with the 80C51 SH." 


The ONCE ("On-Circuit 
Emulation") 
mode facilitates 
testing 
and 
debugging 
of 
systems 
using 
the 
87C51/BH 
without 
the 87C51/BH 
having to be re- 
moved 
from the circuit. The ONCE mode is invoked 
by: 


1. Pull ALE 
low 
while 
the 
device 
is in reset 
and 
PSEN is high; 


2. Hold ALE low as RST is deactivated. 


While the device 
is in ONCE 
mode, the po~ 0 pins 
float, and the other port pins and ALE and P EN are 
weakly 
pulled high. The oscillator 
circuit remains ac- 
tive. While the 87C51 BH is in this mode, an emulator 
or test CPU can be used to drive the circuit. 
Normal 
operation 
is restored 
when a normal reset is applied. 


The Intel EXPRESS 
system offers enhancements 
to 
the operational 
specifications 
of the MCS-51 
family 
of microcontrollers. 
These 
EXPRESS 
products 
are 
designed 
to meet 
the 
needs 
of those 
applications 
whose 
operating 
requirements 
exceed 
commercial 
temperature. 


The 
EXPRESS 
program 
includes 
the 
commercial 
standard 
temperature 
range with burn-in and an ex- 
tended 
temperature 
range with or without 
burn-in. 


With 
the 
commercial 
standard 
temperature 
range, 
operational 
characteristics 
are guaranteed 
over the 
temperature 
range of O·C to 70·C. With the extend- 
ed temperature 
range option, 
operational 
character- 
istics 
are guaranteed 
over 
the range 
of 
- 40·C 
to 
+ 85·C. 


The optional 
burn-in is dynamic 
for a minimum 
time 
of 160 hours 
at 125·C 
with Vcc 
= 
6.9V 
± 0.25V, 
following 
guidelines 
in MIL-STD-883, 
Method 
1015. 


For 
the 
extended 
temperature 
range 
option, 
this 
data sheet 
specifies 
the parameters 
which 
deviate 
from their commercial 
temperature 
range limits. 


Table 3. Prefix Identification 


Prefix 
Package 
Temperature 
Burn-in 
Type 
Range 


P 
Plastic 
Commercial 
No 


D 
Cerdip 
Commercial 
No 


N 
PLCC 
Commercial 
No 


S 
QFP 
Commercial 
No 


TP 
Plastic 
Extended 
No 


TO 
Cerdip 
Extended 
No 


TN 
PLCC 
Extended 
No 


TS 
QFP 
Extended 
No 


QP 
Plastic 
Commercial 
Yes 


QD 
Cerdip 
Commercial 
Yes 


QN 
PLCC 
Commercial 
Yes 


LP 
Plastic 
Extended 
Yes 


LD 
Cerdip 
Extended 
Yes 


LN 
PLCC 
Extended 
Yes 


NOTE: 
Contact 
distributor 
or local sales office 
to match 
EXPRESS 
prefix to proper 
device. 


P87C51 
indicates 
87C51 
in a plastic 
package 
and 
specified 
for commercial 
temperature 
range, without 


burn-in. 


LD87C51 
indicates 
87C51 
in a cerdip 
package 
and 
specified 
for extended 
temperature 
range with burn- 
in. 


intel~ 


NOTICE: This data sheet contains preliminary 
infor- 
mation on new products in production. 
It is valid for 
the 
devices 
indicated 
in the 
revision 
history. 
The 
specifications 
are subject to change without notice. 


• WARNING: Stressing the device beyond the "Absolute 
Maximum 
Ratings" 
may 
cause 
permanent 
damage. 


These are stress ratings 
only. Operation 
beyond 
the 
"Operating 
Conditions" 
is not recommended 
and ex- 


tended 
exposure 
beyond 
the 
"Operating 
Conditions" 


may affect device reliability. 


Ambient 
Temperature 
Under Bias. 
- 40°C to + 85°C 


Storage Temperature 
- 65°C to + 150°C 


Voltage 
on EAlVpp 
Pin to Vss 
OV to + 13.0V 


Voltage 
on Any Other Pin to Vss 
.. - 0.5V to + 6.5V 


Maximum 
IOL per I/O Pin 
15 mA 


Power Dissipation 
1.5W 


(Based on package 
heat transfer 
limitations, 
not de- 
vice power 
consumption.) 


Symbol 
Description 
Mln 
Max 
Unit 


TA 
Ambient 
Temperature 
Under Bias 
Commercial 
0 
+70 
°C 
Express 
-40 
+85 
°C 


Vee 
Supply Voltage 
4.5 
5.5 
V 


fose 
Oscillator 
Frequency 
MHz 
87C51/BH 
3.5 
12 
87C51-1/BH-1 
3.5 
16 
87C51-2/BH-2 
0.5 
12 
87C51-20 
3.5 
20 


DC CHARACTERISTICS 
(Over Operating 
Conditions) 
All parameter 
values 
apply to all devices 
unless otherwise 
indicated. 


Symbol 
Parameter 
Min 
Typ(1) 
Max 
Unit 
Test Conditions 


VIL 
Input Low Voltage 
Commercial 
-0.5 
0.2Vee 
- 
0.1 
V 
Express 
-0.5 
0.2Vee 
- 
0.15 
V 


VIL1 
Input Low Voltage 
EA 
Commercial 
0 
0.2Vee 
- 
0.3 
V 
Express 
-0.5 
0.2 Vee - 
0.35 
V 


VIH 
Input High Voltage 
(Except XTAL 1, RST) 
Commercial 
0.2 Vee + 0.9 
Vee + 0.5 
V 
Express 
0.2 Vee + 1 
Vee + 0.5 
V 


VIH1 
Input High Voltage 
(XTAL 1, RST) 
Commercial 
0.7Vee 
Vee + 0.5 
V 
Express 
0.7 Vee + 0.1 
Vee + 0.5 
V 


VOL 
Output Low Voltage(6) 
0.3 
V 
IOL = 100 IJ-A(2) 


(Ports 1, 2, 3) 
0.45 
V 
IOL = 1.6 mA(2) 


1.0 
V 
IOL = 3.5 mA(2) 


Vou 
Output Low Voltage(6) 
0.3 
V 
IOL = 200 IJ-A(2) 


(Port 0, ALE, PSEN) 
0.45 
V 
IOL = 3.2 mA (2) 


1.0 
V 
IOL = 7.0 mA(2) 


• 


Symbol 
Parameter 
Min 
Typ(1) 
Max 
Unit 
Test Conditions 


VOH 
Output High Voltage 
Vee - 
0.3 
V 
IOH = -10 
fJ.A(3) 


(Ports 1, 2, 3, ALE, PSEN) 
Vee - 
0.7 
V 
IOH = - 30 fJ.A(3) 


87C51 
Vee-1.5 
V 
IOH == 
- 60 fJ.A(3) 


VOH 
Output High Voltage 
0.9 Vee 
V 
IOH = -10 
fJ.A(3) 


(Ports 1, 2, 3, ALE, PSEN) 
Vee = 5V ±10% 


80C51 BH/31 BH 
0.75 Vee 
V 
IOH = -25 
fJ.A 


2.4 
V 
IOH = - 60 fJ.A(3) 


VOH1 
Output High Voltage 
Vee - 
0.3 
V 
IOH = - 200 fJ.A(3) 


(Port 0 in External Bus Mode) 
Vee - 
0.7 
V 
IOH = -3.2 
mA(3) 
87C51 
Vee-1.5 
V 
IOH = -7.0 
mA(3) 


VOH1 
Output High Voltage 
0.9 Vee 
V 
IOH = -80 
fJ.A 
(Port 0 in External Bus Mode) 
Vee = 5V ±10% 


80C51 BH/31 BH 
0.75 Vee 
V 
IOH = -300 
fJ.A 


2.4 
V 
IOH = -800 
fJ.A 


IlL 
Logical 0 Input Current 
VIN = 2V (87C51) 
(Ports 1, 2, 3) 
VIN = 0.45V 
Commercial 
-50 
fJ.A 
Express 
-75 
fJ.A 


III 
Input Leakage Current 
±10 
fJ.A 
0.45 < VIN < Vee 


(Port 0) 


ITL 
Logical 1-to-0 Transition 
Current 
VIN = 2V 
(Ports 1, 2, 3) 
Commercial 
-650 
fJ.A 
Express 
-750 
fJ.A 


RRST 
RST Pull down Resistor 
80C51 BH/31 BH 
50 
300 
Kfl. 
87C51 
40 
225 
Kfl. 


CIO 
Pin Capacitance 
10 
pF 
@ 1 MHz, 25°C 


Ice 
Power Supply Current 
(Note 4) 


Active Mode 


@ 12 MHz (Figure 5) 
11.5 
20 
mA 


@ 16 MHz 
26 
mA 


@ 20 MHz 
32 
mA 


@ 24 MHz 
38 
mA 
Idle Mode 


@ 12 MHz (Figure 5) 
1.7 
5 
mA 


@ 16 MHz 
6 
mA 


@ 20 MHz 
7.6 
mA 


@ 24 MHz 
9 
mA 


87C51 Express 


@ 12 MHz 
7 
mA 


@ 16 MHz 
8 
mA 


@ 20 MHz 
9 
mA 


@ 24 MHz 
10 
mA 
Power Down Mode 
5 
50 
fJ.A 


NOTES: 
1. "Typicals" 
are based 
on a limited 
number 
of samples 
taken 
from 
early manufacturing 
lots and are not guaranteed. 
The 


values 
listed are at room temp, 
5V. 
2. Capacitive 
loading 
on Ports 0 and 2 may cause 
noise 
pulses 
above 
OAV to be superimposed 
on the VOLS of ALE and 


Ports 
1, 2 and 3. The noise 
is due to external 
bus capacitance 
discharging 
into the Port 0 and Port 2 pins when 
these 
pins 


change 
from 
1 to O. In applications 
where 
capacitive 
loading 
exceeds 
100 pF, the noise pulses 
on these 
signals 
may exceed 
0.8V. It may be desirable 
to qualify 
ALE or other 
signals 
with a Schmitt 
Trigger, 
or CMOS-level 
input logic. 
3. Capacitive 
loading 
on Ports 0 and 2 may cause 
the VOH on ALE and PSEN to momentarily 
fall below 
the 0.9Vee 
specifi- 
cation 
when 
the address 
bits are stabilizing. 


4. See Figures 
6 through 
8 for Ice test conditions. 
Minimum 
Vee for Power 
Down 
is 2V. 


5. Under 
steady 
state (non-transient) 
conditions, 
IOL must be externally 
limited 
as follows: 


Maximum 
IOL per port pin: 
10 mA 
Maximum 
IOL per 8-bit port- 
Port 0: 
26 mA 
Ports 1, 2, and 3: 
15 mA 
Maximum 
totallOL 
for all output pins: 
71 mA 
If IOL exceeds 
the test condition, 
VOL may exceed 
the related 
specification. 


Pins are not guaranteed 
to sink greater 
than the listed test conditions. 


TYP (3) 


ACTIVE 
MODE 


TYP (3) 


IDLE 
MODE 


4MHz 
8 MHz 
12MHz 
16MHz 


Ice MAX at other 
frequencies 
is given by: 


Active 
Mode: 
leeMAX 
= 1.47 
X FREQ + 2.35 


Idle Mode: 
leeMAX 
= 0.33 x FREQ + 1.05 


where 
FREQ is the ex1ernal oscillator 
frequency 
in MHz. leeMAX 
is given in mA. 


• 


XTAL2 
XTAL 1 
VSS 


XTAL2 
XTAL 1 


VSS 


Figure 7. Ice Test Condition, 
Idle Mode. 
All other 
pins are disconnected. 


XTAL2 
XTAL 1 
Vss 


Figure 9. Ice Test Condition, 
Power 
Down 
Mode. All other 
pins are disconnected. 


Vee = 2V to 5.5V. 


VCCO.5 
• - - 
- - 
-- 
0.7 Vcc 
0.45V 
0.2 
Vcc-O.l 


TCHCL 


Figure 8. Clock Signal Waveform 
for Ice Tests in Active 
and Idle Modes 
TCLCH = TCHCL = 5 ns 


Each timing symbol has 5 characters. 
The first char- 
acter 
is always 
a 'T' 
(stands 
for time). 
The 
other 
characters, 
depending 
on their positions, 
stand 
for 
the 
name 
of a signal 
or the 
logical 
status 
of that 
signal. The following 
is a list of all the characters 
and 
what they stand for. 


A:Address. 


C:Clock. 


D:lnput 
data. 


H:Logic 
level HIGH. 


1:lnstruction 
(program 
memory 
contents). 


L:Logic 
level LOW, or ALE. 


P:PSEN. 


Q:Output 
data. 


R:RD signal. 


T:Time. 


V:Valid. 


W:WR signal. 


X:No longer a valid logic level. 


Z:Float. 


TAVLL 
= Time from Address 
Valid to ALE Low. 


TLLPL 
= Time from ALE Low to PSEN Low. 
• 


AC CHARACTERISTICS: 
(Over 
Operating 
Conditions; 
Load 
Capacitance 
for 
Port 
0, 
ALE, 
and 
PSEN = 100 pF; Load Capacitance 
for All Other Outputs = 80 pF) 


12 MHz 
20 MHz 
Variable 


Symbol 
Parameter 
Oscillator 
Oscillator 
Oscillator 
Units 


Mln 
Max 
Mln 
Max 
Min 
Max 


1/TCLCL 
Oscillator 
Frequency 
87C51/BH 
3.5 
12 
87C51-1/BH-1 
3.5 
16 
MHz 
87C51-2/BH-2 
0.5 
12 
87C51-20 
3.5 
20 


TLHLL 
ALE Pulse Width 
87C51 IBHI -20 
127 
60 
2TCLCL-40 
ns 


TAVLL 
Address 
Valid to ALE Low 
87C51 1-20 
43 
10 
TCLCL-40 
ns 
80C51 BH/C31 BH 
28 
TCLCL-55 
ns 


TLLAX 
Address 
Hold After ALE Low 
87C51 1-20 
53 
20 
TCLCL-30 
ns 
80C51 BH/C31 BH 
48 
TCLCL-35 
ns 


TLLlV 
ALE Low to Valid Instr In 
87C51/BH 
234 
4TCLCL-100 
ns 
87C51-20 
125 
4TCLCL-75 
ns 


TLLPL 
ALE Low to PSEN Low 
87C51 1-20 
53 
20 
TCLCL-30 
ns 
80C51BH/C31BH 
43 
TCLCL-40 
ns 


TPLPH 
PSEN Pulse Width 
87C51/BH/-20 
205 
105 
3TCLCL-45 
ns 


TPLIV 
PSEN Low to Valid Instr In 
87C51/BH 
145 
3TCLCL-105 
ns 
87C51-20 
60 
3TCLCL-90 
ns 


12 MHz 
20 MHz 
Variable 


Symbol 
Parameter 
Oscillator 
Oscillator 
Oscillator 
Units 


Min 
Max 
Min 
Max 
Min 
Max 


TPXIX 
Input Instr Hold After PSEN 
87C51/BH/-20 
0 
0 
0 
ns 


TPXIZ 
Input Instr Float After PSEN 
87C51/BH 
59 
TCLCL-25 
ns 


87C51-20 
30 
TCLCL-20 
ns 


TAVIV 
Address 
to Valid Instr In 
87C51/BH/-20 
312 
145 
5TCLCL-105 
ns 


TPLAZ 
PSEN Low to Address 
Float 
87C51/BH/-20 
10 
10 
10 
ns 


TRLRH 
RD Pulse Width 
, 


87C51/BH/-20 
400 
200 
6TCLCL-100 
ns 


TWLWH 
WR Pulse Width 
87C51/BH/-20 
400 
200 
6TCLCL-100 
ns 


TRLDV 
RD Low to Valid Data In 
87C51/BH 
252 
5TCLCL-165 
ns 
87C51-20 
155 
5TCLCL-95 
ns 


TRHDX 
Data Hold After RD 
87C51/BH/-20 
0 
0 
0 
ns 


TRHDZ 
Data Float After RD 
87C51 1-20 
107 
40 
2TCLCL-60 
ns 
80C51 BH/C31 BH 
97 
2TCLCL-70 
ns 


TLLDV 
ALE Low to Valid Data In 
87C51/BH 
517 
8TCLCL-150 
ns 
87C51-20 
310 
8TCLCL-90 
ns 


TAVDV 
Address 
to Valid Data In 
87C51/BH 
585 
9TCLCL-165 
ns 
87C51-20 
360 
9TCLCL-90 
ns 


TLLWL 
ALE Low to RD or WR Low 
87C51/BH/-20 
200 
300 
100 
200 
3TCLCL-50 
3TCLCL+50 
ns 


TAVWL 
Address 
to RD or WR Low 
87C51/BH 
203 
4TCLCL-130 
ns 
87C51-20 
110 
4TCLCL-90 
ns 


TQVWX 
Data Valid to WR Transition 
87C51 
33 
TCLCL-50 
ns 
80C51 BH/C31 BH 
23 
TCLCL-60 
ns 
87C51-20 
15 
TCLCL-35 
ns 


12 MHz 
20 MHz 
Variable 


Symbol 
Parameter 
Oscillator 
Oscillator 
Oscillator 
Units 


Min 
Max 
Min 
Max 
Min 
Max 


TWHOX 
Data Hold After WR 
87C51/BH 
33 
TCLCL-50 
ns 
87C51-20 
10 
TCLCL-40 
ns 


TOVWH 
Data Valid to WR High 
87C51/BH 
433 
7TCLCL-150 
ns 
87C51-20 
280 
7TCLCL-70 
ns 


TRLAZ 
RD Low to Address 
Float 
87C51/BH/-20 
0 
0 
0 
ns 


TWHLH 
RD or WR High to ALE High 
87C51/BH/-20 
43 
123 
10 
90 
TCLCL-40 
TCLCL+40 
ns 


'I 
TRLRH 


AO-A 
FRD~ RI DR DPL 


TAVWL 
TAVDV 


P2.D-P2.7 
OR A8-A15 
FROt.4 DPH 
A8-A 
15 
FROt.4 PCH 


272335-13 


• 


AO-A? 
fROM 
RI OR DPl 


TAVWL 


Symbol 
Parameter 
Min 
Max 
Units 


1/TCLCL 
Oscillator 
Frequency 
87C51/BH 
3.5 
12 
MHz 
87C51-1/BH-1 
3.5 
16 
87C51-2/BH-2 
0.5 
12 
87C51-20 
3.5 
20 


TCHCX 
High Time 
20 
ns 


TCLCX 
Low Time 
20 
ns 


TCLCH 
Rise Time 
20 
ns 


TCHCL 
Fall Time 
20 
ns 


12 MHz 
20 MHz 
Variable 
Oscillator 
Symbol 
Parameter 
Oscillator 
Oscillator 
Units 


Min 
Max 
Min 
Max 
Min 
Max 


TXLXL 
Serial Port Clock 
1.0 
0.600 
12TCLCL 
IJ-s 
Cycle Time 


TOVXH 
Output Data Setup 
700 
367 
1OTCLCL -133 
ns 
to Clock Rising Edge 


TXHOX 
Output Data Hold 
ns 
After Clock Rising Edge 
87C51/BH 
50 
2TCLCL-117 
87C51-20 
50 
2TCLCL-50 


TXHDX 
Input Data Hold 
0 
0 
0 
ns 
After Clock Rising Edge 


TXHDV 
Clock Rising Edge 
700 
367 
1OTCLCL -133 
ns 
to Input Data Valid 


intel~ 


I 


+ 
SET 
TI 
t 


WRITE 
TO 
SBUF" 


INPUT 
DATA. 


V 


CC 


-O.5=x 
>C 
0.2 VCC+0.9 


0.2VCCO.1 
0.45 V 
--------- 


VLOAO+O.l 
V 
VLOAD 
..••...•....)IIo4ING 
REFERENCE 
_ 


--- 
POINTS 
--.... 


VLOAO-O.l 
V 
VOL +0.1 
V 


272335-20 


For timing purposes a port pin is no longer floating when a 
100 mV change from load voltage occurs, and begins to float 
when a 100 mV change from the loaded VOHIVOL level occurs. 
IOL/loH = ±20 mA. (-L, IOL/IOH = ± 10 mAl 


AC inputs during testing are driven at Vcc - 
0.5 for a Logic "1" 
and 0.45V for a Logic "0." Timing measurements are made at VIH 
min for a Logic "1" and VIL max for a Logic "0". 


The part must 
be running 
with a 4 MHz to 6 MHz 
oscillator. 
The address 
of an EPROM 
location 
to be 
programmed 
is applied 
to address 
lines 
while 
the 
code 
byte to be programmed 
in that location 
is ap- 
plied to data lines. Control and program 
signals must 
be held at the levels indicated 
in Table 4. Normally 
EA/V~ 
held 
at 
logic 
high--.!:!ntil 
just 
before 
ALE/PROG 
is to be pulsed. The EA/Vpp 
is raised to 
VPP. ALE/PROG 
is pulsed 
low and then EA/Vpp 
is 
returned 
to a high (also refer to timing diagrams). 


ADDRESS 
LINES: 
P1.0-P1.7, 
P2.0-P2.5, 
P3.4 re- 
spectively 
for AO-A14. 


DATA LINES: PO.0-PO.7 
for 00-07. 


CONTROL 
SIGNALS: 
RST, PSEN, P2.6, P2.7. P3.6, 


P3.7. 


PROGRAM 
SIGNALS: 
ALE/PROG, 
EA/Vpp. 


NOTE: 
• 
Exceeding 
the Vpp maximum 
for any amount 
of 
time could damage 
the device 
permanently. 
The 
Vpp source 
must 
be well 
regulated 
and free 
of 
glitches. 


Mode 
RST 
PSEN 
ALEI 
EAt 
P2.6 
P2.7 
P3.6 
P3.7 
PROG 
Vpp 


Program Code Data 
H 
L 
"""L.r 
12.75V 
L 
H 
H 
H 


Verify Code Data 
H 
L 
H 
H 
L 
L 
H 
H 


Program Encryption 
H 
L 
"""L.r 
12.75V 
L 
H 
L 
H 
Array Address 
0-3F 


Program Lock Bits 
Bit 1 
H 
L 
"""L.r 
12.75V 
H 
H 
H 
H 


Bit 2 
H 
L 
"""L.r 
12.75V 
H 
H 
L 
L 


Bit 3 
H 
L 
"""L.r 
12.75V 
H 
L 
H 
L 


Read Signature 
Byte 
H 
L 
H 
H 
L 
L 
L 
L 


+5V 


vcc 
87C51 


AO-A7 
PO 


A8-AII 
fA/v •• 


ALE;PRoG 


PSEN 


P2.7 
XTAL 2 
P2.6 


P3.7 


XTAL 1 
P3.6 


VSS 
RST 


} 
PROGRA~ 
SIGNALS 


"""'--- 
x 
""'--- 
x 
""'--- 
x 
'-- 


ADDRESS X 


12 
BITS 


DATA 
X 
B BITS 


CONTROL 
X 
7 BITS 
SIGNALS 


12.75V J 


EA/Vpp 
5V 


Refer to Table 4 and Figures 10 and 11 for address, 
data, and control signals set up. To program the 
87C51 the following sequence must be exercised. 
1. Input the valid address on the address lines. 
2. Input the appropriate data byte on the data lines. 
3. Activate the correct combination of control sig- 
nals. 
4. Raise EAlVpp from Vcc to 12.75V ±0.25V. 
5. Pulse ALE/PROG 5 times' for the EPROM array, 
and 25 times for the encryption table and the lock 
bits. 


Repeat 1 through 5 changing the address and data 
for the entire array or until the end of the object file is 
reached. 


Verification may be done after programming either 
one byte or a block of bytes. In either case a com- 
plete verify of the array will ensure reliable program- 
ming of the 87C51. 


The lock bits cannot be directly verified. Verification 
of the lock bits is done by observing that their fea- 
tures are enabled. 


The 
87C51 
program 
lock 
system, 
when 
pro- 


grammed, protects the onboard program against 
software piracy. 


The 87C51 has a 3-level program lock system and a 
64-byte encryption array. Since this is an EPROM 
device, all locations are user-programmable. See 
Table 5. 


Encryption 
Array 


Within the EPROM array are 64 bytes of Encryption 
Array that are initially unprogrammed (all 1's). Every 
time that a byte is addressed during a verify, 6 ad- 
dress lines are used to select a byte of the Encryp- 
tion Array. This byte is then 
exciusive-NOR'ed 
(XNOR) with the code byte, creating an Encryption 
Verify byte. The algorithm, with the array in the un- 
programmed state (all 1's), will return the code in its 
original, unmodified form. For programming the En- 
cryption Array, refer to Table 4 (Programming the 
EPROM). 


When using the encryption array, one important fac- 
tor needs to be considered. If a code byte has the 
value OFFH,verifying the byte will produce the en- 
cryption byte value. If a large block (>64 bytes) of 
code is left unprogrammed, a verification routine will 
display the contents of the encryption array. For this 
reason all unused code 
bytes should 
be pro- 
grammed with some value other than OFFH,and not 
all of them the same value. This will ensure maxi- 
mum program protection. 


• 


Program 
Lock Bits 


The 87C51 has 3 programmable 
lock bits that when 
programmed 
according 
to Table 5 will provide differ- 
ent 
levels 
of protection 
for 
the 
on-chip 
code 
and 
data. 


Erasing 
the EPROM 
also erases 
the encryption 
ar- 
ray and the program 
lock bits, returning 
the part to 
full functionality. 


Reading 
the Signature 
Bytes 


The 87C51 
has 3 signature 
bytes in locations 
30H, 
31 H, and 60H. To read these bytes follow the proce- 
dure for EPROM verify, but activate 
the control 
lines 
provided 
in Table 4 for Read Signature 
Byte. 


Location 
Contents 


87C51 


30H 
89H 


31H 
58H 


60H 
51H 


Erasure Characteristics 
(Windowed 
Devices Only) 


Erasure 
of the 
EPROM 
begins 
to occur 
when 
the 
chip 
is exposed 
to light 
with 
wavelengths 
shorter 
than approximately 
4,000 Angstroms. 
Since sunlight 


and 
fluorescent 
lighting 
have 
wavelengths 
in this 
range, exposure 
to these 
light sources 
over an ex- 


tended 
time (about 
1 week in sunlight, 
or 3 years in 
room level fluorescent 
lighting) 
could cause inadver- 


tent erasure. 
If an application 
subjects 
the device to 
this type of exposure, 
it is suggested 
that an opaque 
label be placed 
over the window. 


The 
recommended 
erasure 
procedure 
is exposure 
to ultraviolet 
light (at 2537 Angstroms) 
to an integrat- 
ed dose 
of at least 
15 W-sec/cm2. 
Exposing 
the 
EPROM 
to an ultraviolet 
lamp 
of 12,000 
p.W/cm2 
rating for 30 minutes, 
at a distance 
of about 
1 inch, 


should 
be sufficient. 


Program 
Lock Bits 
Protection 
Type 
LB1 
LB2 
LB3 


1 
U 
U 
U 
No program 
lock features 
enabled. 
(Code verify will still be encrypted 
by the 
encryption 
array if programmed.) 


2 
P 
U 
U 
MOVC instructions 
executed 
from external 
program 
memory are disabled 
from 
fetching 
code bytes from internal memory, 
EA is sampled 
and latched on 
reset, and further programming 
of the EPROM is disabled. 


3 
P 
P 
U 
Same as 2, also verify is disabled. 


4 
P 
P 
P 
Same as 3, also external execution 
is disabled. 


EPROM 
PROGRAMMING 
AND VERIFICATION 
CHARACTERISTICS: 
(TA = 21°C to 27"C. vcc = 5V ±10%. 
vss = OV) 


Symbol 
Parameter 
Min 
Max 
Units 


Vpp 
Programming Supply Voltage 
12.5 
13.0 
V 


Ipp 
Programming Supply Current 
75 
mA 


1/TCLCL 
Oscillator Frequency 
4 
6 
MHz 


TAVGL 
Address Setup to PROG Low 
48TCLCL 


TGHAX 
Address Hold After PROG 
48TCLCL 


TDVGL 
Data Setup to PROG Low 
48TCLCL 


TGHDX 
Data Hold After PROG 
48TCLCL 


TEHSH 
P2.7 (ENABLE) High to Vpp 
48TCLCL 


TSHGL 
Vpp Setup to PROG Low 
10 
,...s 


TGHSL 
Vpp Hold After PROG 
10 
,...s 


TGLGH 
PROGWidth 
90 
110 
,...s 


TAVQV 
Address to Data Valid 
48TCLCL 


TELQV 
ENABLE Low to Data Valid 
48TCLCL 


TEHQZ 
Data Float After ENABLE 
0 
48TCLCL 


TGHGL 
PROG High to PROG Low 
10 
,...s 


P2.? 


(ENABLE) 


'For programming conditions see Figure 10. 
"5 
pulses for the EPROM array, 25 pulses for the encryption table and lock bits. 


• 


Table 6 shows the logic levels for verifying 
the code data and reading 
the signature 
bytes on the 80C51 BHI 


80C31BH. 


Mode 


Verify Code Data 


NOTES: 
"1" = Valid high for that pin 
"0" 
= Valid low for that pin 


Program Verification 


The address 
of the Program 
Memory 
location 
to be 
read is applied 
to Port 1 and pins P2.0-P2.3. 
The 
other pins should be held at the "Verify" 
levels indi- 


cated in Table 2. The contents 
of the addressed 
10- 


cations 
will come out on Port O. External 
pullups are 
required 
on Port 0 for this operation. 


Figure 12 shows the setup for verifying 
the program 
memory. 


ALE 


PSEN 
0 
80C51BH 


P2.? 
0 
(ENABLE) 


P2.6 
0 


P2.0 
AS-All 
-P2.3 


ROM VERIFICATION 
CHARACTERISTICS 
TA = 21°C to 27"C; Vcc = 5V±O.25V; 
Vss = OV 


Symbol 
Parameter 
Mln 
Max 
Units 
I 


1/TCLCL 
Oscillator 
Frequency 
4 
6 
MHz 


TAVQV 
Address to Data Valid 
48TCLCL 


TELQV 
ENABLE 
Low to Data Valid 
48TCLCL 


TEHQZ 
Data Float after ENABLE 
0 
48TCLCL 


P 1.0-P 
1.7 
- 
__ j... 
__ 
A_DD_R_ES_S 
__ 
) 
P2.0-P2.3 
• 
• 


TELQV1__ 
) 


All thermal 
impedance 
data is approximate 
for static 
air conditions 
at 1W of power dissipation. 
Values will 
change 
depending 
on operating 
conditions 
and ap- 
plications. 
See the Intel Packaging 
Handbook 
(Order 
No. 240800) 
for a description 
of Intel's 
thermal 
im- 
pedance 
test methodology. 


Package 
°JA 
°JC 
Device 


P 
4SoC/W 
16°C/W 
87CS1 
7SoC/W 
23°C/W 
BH 
0 
4SoC/W 
1SoC/W 
87CS1 
36°C/W 
13°C/W 
BH 
N 
46°C/W 
16°C/W 
All 
S 
98°C/W 
24°C/W 
All 


Data sheets are changed 
as new device information 
becomes 
available. 
Verify with your local Intel sales 
office that you have the latest version 
before finaliz- 


ing a design or ordering 
devices. 


1. This data sheet replaces 
the following: 


80CS1 BH/80C31 
BH Express 
270218-003 
80CS1 BHP 
270603-004 
87CS1 /80CS1 BH/80C31 
BH 
270147-008 
87CS1 Express 
270430-002 
87CS1-20/ -3 
272082-002• 


8XC51FX 
CHMOS SINGLE-CHIP 8-BIT MICROCONTROLLERS 
Commercial/Express 


87C51FA/83C51FA/80C51FA/87C51FB/83C51FB/87C51FC/83C51FC 


·See Table 1for Proliferation 
Options 
• High Performance CHMOS 
• 32 Programmable I/O Lines 
EPROM/ROM/CPU 
• 7 Interrupt Sources 
• 24 MHz Internal Operation (-3 only) 
• Four Level Interrupt 
Priority 
- 
• Three 16-Bit Timer/Counters 
• Programmable Serial Channel with: 
• Programmable Counter Array with: 
- 
Framing Error Detection 
- 
High Speed Output, 
- 
Automatic Address Recognition 
- 
Compare/Capture, 
• TIL Compatible Logic Levels 
- 
Pulse Width Modulator, 
- 
Watchdog Timer Capabilities 
• 64K External Program Memory Space 
• Up/Down Timer/Counter 
• 64K External Data Memory Space 
• Three Level Program Lock System 
• MCS® 51 Controller 
Compatible 


8K/16K/32K 
On-Chip Program Memory 
Instruction 
Set 
• 
256 Bytes of On-Chip Data RAM 
• Power Saving Idle and Power Down 
• 
Modes 
• Improved Quick Pulse Programming 
• ONCE (On-Circuit Emulation) Mode 
Algorithm 


Boolean Processor 
• Extended Temperature 
Range 
• 
(- 40°C to + 85°C) 


ROM I 
ROM 
EPROM 
ROMLESS 
EPROM 
RAM 
Device 
Version 
Version 
Bytes 
Bytes 


83C51FA 
87C51FA 
80C51FA 
8K 
256 


83C51FB 
87C51FB 
80C51FA 
16K 
256 


83C51FC 
87C51FC 
80C51FA 
32K 
256 


These 
devices 
can address 
up to 64 Kbytes of external 
program/data 
memory. 


The Intel 87C51 FAl8XC51 
FB/8XC51 
FC is a single-chip 
control oriented 
microcontroller 
which is fabricated 
on 
Intel's reliable CHMOS 
III-E technology. 
The Intel 83C51 FAl80C51 
FA is fabricated 
on CHMOS 
III technology. 
Being a member of the MCS~ 51 controller 
family, the 8XC51 FAl8XC51 
FB/8XC51 
FC uses the same powerful 
instruction 
set, has the same architecture, 
and is pin-for-pin 
compatible 
with the existing 
MCS 51 controller 
products. 
The 8XC51 FAl8XC51 
FB/8XC51 
FC is an enhanced 
version of the 8XC52/8XC54/8XC58. 
Its added 
features 
make it an even more powerful 
microcontroller 
for applications 
that require Pulse Width 
Modulation, 


High Speed 
110 and up/down 
counting 
capabilities 
such as motor control. 


The 8XC51 FX-3 has the same 3.5 MHz to 20 MHz frequency 
range as the 8XC51 FX-20 when operating 
out of 
external 
program/data 
memory. 
When 
running 
out of internal 
program/data 
memory, 
the 8XC51 FX-3 can 
operate 
up to 24 MHz. 


For the remainder 
of this document, 
the 8XC51 FA, 8XC51 FB, 8XC51 FC will be referred 
to as the 8XC51 FX, 


unless 
information 
applies 
to a specific 
device. 


intel~ 


'Standard 
·1 
·2 
·3 
·20 


BOC51FA 
X 
X 
X 


B3C51FA 
X 
X 
X 


B7C51FA 
X 
X 
X 
X 


B3C51FB 
X 
X 
X 
X 


87C51FB 
X 
X 
X 
X 


B3C51FC 
X 
X 
X 
X 


B7C51FC 
X 
X 
X 
X 


• 
3.5 MHz to 12 MHz; 5V ±20% 


-1-3.5 
MHz to 16 MHz; 5V ±20% 


-2-0.5 
MHz to 12 MHz; 5V ±20% 


-3-3.5 
MHz to 20 MHz external 
program execution; 
5V ± 20%.24 
MHz internal program execution . 
-20-3.5 
MHz to 20 MHz; 5V ±20% 


PSEN 
ALE/PROG 


rA/vpp 
RST 


• 


The 87C51 FAl8XC51 
FB/8XC51 FC is manufactured 
on P629.0, 
a CHMOS 
III-E process. The 83C51 FAI 
80C51 FA are manufactured 
on P645, a CHMOS 
III 
process. Additional process and reliability informa- 
tion is available 
in Intel's Components 
Quality and 
Reliability Handbook, Order No. 210997. 


(T2) 
PLO 


(T2EX) 
PL 1 


(Eel) PL2 


(eEXO) P1.3 


(eEx1) 
P 1.4 


(eEX2) PLS 


(eEXl) 
PLB 


(eEX.) 
PL7 


RESET 


(RXD) P3.0 


(TXD) P3.1 


(INTO) 
P3.2 


(INT1) 
P3.3 


(TO) 
P3 .• 


(Tl) 
P3.S 


(ViR) 
P3.B 


(Ril) 
P3.7 


XTAL2 


XTAl1 


Vss 


Vcc 


PO.O (ADO) 


PO. 1 (AD1) 


PO.2 (AD2) 


PO.3 (AD3) 


PO .• 
(AD.) 


PO.S (ADS) 


PO.B (ADB) 


PO.7 (AD7) 


EA/V,p 


AlE/PROG 


PSEN 


P2.7 
(AlS) 


P2.B 
(AU) 


P2.S 
(A13) 


P2.. 
(Al2) 


P2.3 
(A") 


P2.2 
(AlO) 


P2.1 
(A9) 


P2.0 
(AS) 


PLS 


PLB 


P1.7 


RST 


P3.0 


RESERVEO· 


P3.1 


P3.2 


P3.3 


P3 .• 


P3.S 


Part 
Prefix 
Package 
Type 


8XC51FX 
P 
40-Pin Plastic DIP 
D 
40-Pin CERDIP 
N 
44-Pin PLCC 
S 
44-Pin QFP 


PO.7 


'EA./vpp 


RESERVEO· 


AlE/PROG 


PSEN 


P2.7 


P2.6 


PL7 


RST 


P3.0 


RESERVED- 


P3.1 


P3.2 


P3.3 


P3.4 


P3.5 


Vcc: 
Supply voltage. 


Vss: Circuit ground. 


VSS1: Secondary 
ground (not on DIP devices 
or any 
83C51 FAl80C51 
FA 
device). 
Provided 
to 
reduce 
ground 
bounce 
and improve 
power 
supply by-pass- 
ing. 


NOTE: 
This pin is not a substitution 
for the Vss 
pin. (Con- 
nection 
not necessary 
for proper 
operation.) 


Port 0: Port 0 is an 8-bit, open 
drain, 
bidirectional 
I/O port. As an output port each pin can sink several 
LS TIL 
inputs. 
Port 0 pins that 
have 
1's written 
to 
them float, and in that state can be used as high-im- 
pedance 
inputs. 


Port 0 is also the multiplexed 
low-order 
address 
and 
data bus during 
accesses 
to external 
Program 
and 
Data Memory. 
In this application 
it uses strong inter- 
nal pullups 
when 
emitting 
1's, and can source 
and 
sink several 
LS TIL 
inputs. 


Port 0 also receives 
the code bytes during EPROM 
programming, 
'and 
outputs 
the 
code 
bytes 
during 
program 
verification. 
External 
pullup resistors 
are re- 
quired during program 
verification. 


Port 
1: Port 1 is an 8-bit bidirectional 
I/O 
port with 
internal 
pullups. 
The Port 1 output 
buffers 
can drive 
LS TIL 
inputs. 
Port 1 pins that 
have 
1's written 
to 
them are pulled 
high by the internal 
pullups, 
and in 
that 
state can be used as inputs. 
As inputs, 
Port 1 
pins that are externally 
pulled low will source current 
(IlL, on the data sheet) 
because 
of the internal 
pull- 
ups. 


In addition, 
Port 1 serves the functions 
of the follow- 


ing special features 
of the 8XC51 FX: 


Port Pin 
Alternate 
Function 


P1.0 
T2 (External Count Input to Timer/ 
Counter 2), Clock Out 


P1.1 
T2EX (Timer/Counter 
2 Capture/ 
Reload Trigger and Direction 
Control) 


P1.2 
ECI (External Countinput 
to the PCA) 


P1.3 
CEXO (External 
I/O for Compare/ 
Capture Module 0) 
P1,4 
CEX1 (External 
I/O for Compare/ 
Capture Module 
1) 


P1.5 
CEX2 (External 
I/O for Compare/ 
Capture Module 2) 


P1.6 
CEX3 (External 
I/O for Compare/ 
Capture Module 3) 


P1.? 
CEX4 (External 
I/O for Compare/ 
Capture Module 4) 


Port 1 receives 
the low-order 
address 
bytes 
during 
EPROM 
programming 
and verifying. 


Port 2: Port 2 is an 8-bit bidirectional 
I/O 
port with 


internal 
pullups. 
The Port 2 output 
buffers 
can drive 


LS TTL inputs. 
Port 2 pins that have 
1's written 
to 
them are pulled 
high by the internal 
pull ups, and in 
that state can be used as inputs. 
As inputs, 
Port 2 
pins that are externally 
pulled low will source current 
(IlL, on the data sheet) 
because 
of the internal 
pull- 
ups. 


Port 
2 emits 
the 
high-order 
address 
byte 
during 
fetches 
from external 
Program 
Memory 
and during 
accesses 
to external 
Data 
Memory 
that 
use 16-bit 
addresses 
(MOVX 
@DPTR). 
In this 
application 
it 
uses strong 
internal 
pullups 
when emitting 
1'so Dur- 


ing accesses 
to external 
Data Memory 
that use 8-bit 
addresses 
(MOVX @Ri), Port 2 emits the contents 
of 
the P2 Special 
Function 
Register. 


Some Port 2 pins receive the high-order 
address 
bits 
during 
EPROM 
programming 
and program 
verifica- 
tion. 


Port 3: Port 3 is an 8-bit bidirectional 
I/O 
port with 
internal 
pullups. 
The Port 3 output 
buffers 
can drive 
LS TTL inputs. 
Port 3 pins that have J's 
written 
to 
them are pulled 
high by the internal 
pullups, 
and in 
that state can be used as inputs. 
As inputs, 
Port 3 
pins that are externally 
pulled low will source 
current 
(IlL, on the data sheet) Qecause of the pullups. 


• 


Port 3 also serves 
the functions 
of various 
special 
features 
of the MCS-51 
Family, as listed below: 


Port Pin 
Alternate 
Function 


P3.0 
RXD (serial input port) 
P3.1 
TXD (serial output port) 
P3.2 
INTO (external 
interrupt 
0) 
P3.3 
INT1 (exter~al 
interrupt 
1) 
P3.4 
TO (Timer 0 external 
input) 
P3.5 
T1 (Timer 1 external 
input) 
P3.6 
WR (external 
data memory write strobe) 
P3.7 
RD (external 
data memory read strobe) 


RST: Reset input. A high on this pin for two machine 
cycles 
while the oscillator 
is running 
resets 
the de- 
vice. The port pins will be driven to their reset condi- 
tion when a minimum 
VIH1 voltage 
is applied wheth- 


er the oscillator 
is running 
or not (except 
83C51 FAI 
80C51 FA). An internal 
pulldown 
resistor 
permits 
a 
power-on 
reset 
with only a capacitor 
connected 
to 
Vcc· 


In order to reset the 83C51 FAl80C51 
FA port pins, 
the oscillator 
must be running. 
At least 19 oscillator 
periods 
must occur 
after a logic 
1 is applied 
to the 
RST input 
before 
the 
port 
pins are driven 
to their 
reset state. 


ALE: Address 
Latch Enable output pulse for latching 
the low by1e of the address 
during accesses 
to ex- 
ternal 
memory. 
This 
pin (ALE/PROG) 
is also 
the 
program 
pulse input during EPROM programming 
for 
the 87C51 FX. 


In normal 
operation 
ALE 
is emitted 
at a constant 
rate of % the oscillator 
frequency, 
and may be used 
for external 
timing or clocking 
purposes. 
Note, how- 
ever, that one ALE pulse is skipped 
during each ac- 
cess to external 
Data Memory. 


If desired, 
ALE operation 
can be disabled 
by setting 
bit 0 of SFR location 
8EH. With the bit set, ALE is 
active 
only 
during 
a MOVX 
or 
MOVC 
instruction. 


Otherwise, 
the pin is weakly 
pulled high. Setting the 
ALE-disable 
bit has no effect 
if the microcontroller 
is 
in external 
execution 
mode. 


Throughout 
the 
remainder 
of this data 
sheet, 
ALE 
will refer to the signal coming 
out of the ALE/PROG 
pin, and the pin will be referred to as the ALE/PROG 
pin. 


PSEN: Program 
Store 
Enable 
is the read strobe 
to 
external 
Program 
Memory. 


When the 8XC51 FX is executing 
code from external 
Program 
Memory, 
PSEN is activated 
twice each ma· 


chine 
cycle, 
except 
that 
two 
PSEN activations 
are 
skipped 
during each access to external 
Data Memo- 
ry. 


2-88 


EA/Vpp: 
External 
Access 
enable. 
EA 
must 
be 
strapped 
to VSS 
in order 
to enable 
the 
device 
to 
fetch code from external 
Program 
Memory 
locations 
OOOOHto OFFFH. Note, however, 
that if either of the 
Program Lock bits are programmed, 
EA will be inter- 


nally latched 
on reset. 


EA should 
be strapped 
to Vcc for internal 
program 
executions. 


This pin also receives 
the programming 
supply volt- 


age (Vpp) during EPROM 
programming. 


XTAL2: 
Output 
from the inverting 
oscillator 
amplifi- 
er. 


XTAL 1 and XTAL2 are the input and output, 
respec- 
tively, 
of a inverting 
amplifier 
which 
can be config- 


ured for use as an on-chip 
oscillator, 
as shown 
in 


Figure 3. Either a quartz crystal or ceramic 
resonator 
may be used. More detailed 
information 
concerning 
the use of the on-chip 
oscillator 
is available 
in Appli- 
cation 
Note 
AP-155, 
"Oscillators 
for 
Microcontrol- 
lers." 


_ To drive the device 
from 
an external 
clock 
source, 


XTAL 1 should 
be 
driven, 
while 
XTAL2 
floats, 
as 
shown in Figure 4. There are no requirements 
on the 
duty cycle of the external 
clock 
signal, since the in- 


put 
to 
the 
internal 
clocking 
circuitry 
is through 
a 
divide-by-two 
flip-flop, 
but 
minimum 
and 
maximum 
high and low times specified 
on the data sheet must 
be observed. 


An external 
oscillator 
may encounter 
as much as a 
100 pF load at XT AL 1 when it starts up. This is due 
to interaction 
between 
the amplifier 
and its feedback 
capacitance. 
Once the external 
signal meets the VIL 
and VIH specifications 
the capacitance 
will not ex- 
ceed 20 pF. 


XTAL 1 


vss 


EXTERNAL 


OSCILLATOR 


SIGNAL 


The user's software can invoke the Idle Mode. When 
the microcontroller is in this mode, power consump- 
tion is reduced. The Special Function Registers and 
the onboard RAM retain their values during Idle, but 
the 
processor 
stops executing instructions. Idle 
Mode will be exited if the chip is reset or if an en- 
abled interrupt occurs. The PCA timer/counter can 
optionally be left running or paused during Idle 
Mode. 


To save even more power, a Power Down mode can 
be invoked by software. In this mode, the oscillator 
is stopped and the instruction that invoked Power 
Down is the last instruction executed. The on-chip 
RAM and Special Function Registers retain their val- 
ues until the Power Down mode is terminated. 


On the 8XC51FX either hardware reset or external 
interrupt can cause an exit from Power Down. Reset 
redefines all the SFRs but does not change the on- 
chip RAM. An external interrupt allows both the 
SFRs and the on-chip RAM to retain their values. 


With an external interrupt, INTOor INT1 must be en- 
abled and configured as level-sensitive. Holding the 
pin low restarts the oscillator but bringing the pin 
back high completes the exit. Once the interrupt is 
serviced, the next instruction to be executed after 
RETI will be the one following the instruction that put 
the device into Power Down. 


• When running out of internal program/data mem- 
ory, the 8XC51FX-3 can be operated using a 
24 MHz clock. If the 8XC51FX-3 is running out of 
external program/data 
memory, the operating 
frequency must be between 3.5 MHz to 20 MHz. 
The 8XC51FX-3 will not function properly at 
24 MHz when running out of external program/ 
data memory. 


• Ambient light is known to affect the internal RAM 
contents during operation. If the 87C51FX appli- 
cation requires the part to be run under ambient 
lighting, an opaque label should be placed over 
the window to exclude light. 


• When the idle mode is terminated by a hardware 
reset, the device normally resumes program exe- 
cution, from where it left off, up to two machine 
cycles before the internal reset algorithm takes 
control. On-chip hardware inhibits access to inter- 
nal RAM in this event, but access to the port pins 
is not inhibited. To eliminate the possibility of an 
unexpected write when Idle is terminated by re- 
set, the instruction following the one' that invokes 
Idle should not be one that writes to a port pin or 
to external memory. 
• The 83C51FAl80C51 FA do not have the follow- 
ing features: Timer 2 clockout, 4 interrupt priority 
levels, asynchronous port reset, 54-byte encryp- 
tion array, and 3 program lock bits. These fea- 
tures 
cannot 
be 
used 
with 
the 
83C51FAI 
80C51FA. 


To properly terminate Power Down the reset or ex- 
ternal interrupt should not be executed before Vcc is 
restored to its normal operating level and must be 
held active long enough for the oscillator to restart 
and stabilize (normally less than 10 ms). 


Table 2. Status of the External 
Pins during Idle and Power Down 


Mode 
Program 
ALE 
PSEN 
PORTO 
PORT1 
PORT2 
PORT3 
Memory 


Idle 
Internal 
1 
1 
Data 
Data 
Data 
Data 


Idle 
External 
1 
1 
Float 
Data 
Address 
Data 


Power Down 
Internal 
0 
0 
Data 
Data 
Data 
Data 


Power Down 
External 
0 
0 
Float 
Data 
Data 
Data 


NOTE: 
For more 
detailed 
information 
on the 
reduced 
power 
modes 
refer 
to current 
Embedded 
Microcontrollers 
and 
Processors 
Handbook 
Volume 
I, and Application 
Note AP-252 
(Embedded 
Applications 
Handbook), 
"Designing 
with the 80C51 BH." 


• 


The ONCE ("On-Circuit 
Emulation") 
Mode facilitates 
testing 
and 
debugging 
of 
systems 
using 
the 
8XCS1 FX without 
the 
8XCS1 FX having 
to 
be 
re- 
moved from the circuit. The ONCE Mode is invoked 
by: 


1) Pull ALE 
low while 
the 
device 
is in reset 
and 
PSEN is high; 


2) Hold ALE low as RST is deactivated. 


While the device 
is in ONCE 
Mode, the Port 0 pins 
float, and the other port pins and ALE and PSEN are 
weakly 
pulled high. The oscillator 
circuit remains ac- 
tive. While the 8XCS1 FX is in this mode, an emulator 
or test CPU can be used to drive the circuit. 
Normal 
operation 
is restored 
when a normal reset is applied. 


The Intel EXPRESS 
system offers enhancements 
to 
the operational 
specifications 
of the MCS-S1 family 
of microcontrollers. 
These 
EXPRESS 
products 
are 


designed 
to meet the 
needs 
of those 
applications 
whose 
operating 
requirements 
exceed 
commercial 
standards. 


The 
EXPRESS 
program 
includes 
the 
commercial 
standard 
temperature 
range with burn-in and an ex- 


tended 
temperature 
range with or without 
burn-in. 


With 
the 
commercial 
standard 
temperature 
range, 


operational 
characteristics 
are guaranteed 
over the 
temperature 
range of O·C to 70·C. With the extend- 


ed temperature 
range option, 
operational 
character- 


istics 
are guaranteed 
over the 
range 
of 
- 40·C 
to 
+8S·C. 


The optional 
burn-in 
is dynamic 
for a minimum 
time 
of 168 hours at 12S·C with VCC = 6.9V 
± 0.2SV, 


following 
guidelines 
in MIL-STD-883, 
Method 
101S. 


Package types and EXPRESS versions 
are identified 
by a one- or two-letter 
prefix to the part number. The 
prefixes 
are listed in Table 3. 


For 
the 
extended 
temperature 
range 
option, 
this 
data sheet 
specifies 
the parameters 
which 
deviate 
from their commercial 
temperature 
range limits. 


Table 3. Prefix Identification 


Prefix 
Package 
Type 
Temperature 
Range 
Burn-In 


D 
Cerdip 
Commercial 
No 


N 
PLCC 
Commercial 
No 


P 
Plastic 
Commercial 
No 


S 
OFP 
Commercial 
No 


LD 
Cerdip 
Extended 
Yes 


LN 
PLCC 
Extended 
Yes 


LP 
Plastic 
Extended 
Yes 


LS 
OFP 
Extended 
Yes 


TD 
Cerdip 
Extended 
No 


TN 
PLCC 
Extended 
No 


TP 
Plastic 
Extended 
No 


TS 
OFP 
Extended 
No 


NOTE: 
Contact 
distributor 
or local sales office 
to match 
EXPRESS 
prefix with proper 
device. 


EXAMPLES: 
P87C51 FC indicates 
87C51 FC in a plastic 
package 
and specified 
for commercial 
temperature 
range, 
without 
burn-in. 
LD87C51 FC indicates 
87C51 FC in a cerdip 
package 
and specified 
for extended 
temperature 
range with burn-in. 


Ambient 
Temperature 
Under Bias. 
- 40°C to + 85°C 


Storage Temperature 
- 65°C to + 150°C 


Voltage 
on EAlVpp 
Pin to Vss 
OV to + 13.0V 


Voltage 
on Any Other Pin to Vss 
.. -O.5V 
to + 6.5V 


IOL per liD Pin 
15 mA 


Power Dissipation 
1.5W 
(based on PACKAGE 
heat transfer 
limitations, 
not 
device 
power consumption) 
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the 
devices 
indicated 
in the 
revision 
history. 
The 
specifications 
are subject to change without notice. 


• WARNING: Stressing the device beyond the "Absolute 
Maximum 
Ratings" 
may 
cause permanent 
damage. 


These are stress ratings 
only. Operation 
beyond 
the 
"Operating 
Conditions" 
is not recommended 
and ex- 
tended 
exposure 
beyond 
the 
"Operating 
Conditions" 


may affect device reliability. 


Symbol 
Description 
Min 
Max 
Units 


TA 
Ambient Temperature Under Bias 
Commercial 
0 
+70 
°C 
Express 
-40 
+85 


Vcc 
Supply Voltage 
All Others 
4.0 
6.0 
V 


fosc 
Oscillator Frequency 
8XC51FX 
3.5 
12 
8XC51 FX-1 
3.5 
16 
MHz 
8XC51 FX-2 
0.5 
12 
8XC51 FX-20 
3.5 
20 


DC CHARACTERISTICS 
(Over Operating 
Conditions) 
All parameter 
values 
apply to all devices 
unless otherwise 
indicated. 


Symbol 
Parameter 
Min 
Typical 
Max 
Units 
Test Conditions 
(Note 4) 


VIL 
Input Low Voltage 
-0.5 
0.2Vcc 
- 
0.1 
V 


VIL1 
Input Low Voltage EA 
0 
0.2 Vcc - 
0.3 
V 


VIH 
Input High Voltage 
0.2 Vcc + 0.9 
Vcc + 0.5 
V 
(Except XTAU, 
RST) 


VIH1 
Input High Voltage 
0.7 Vcc 
VCC + 0.5 
V 
(XTAL 1, RST) 


VOL 
Output Low Voltage (Note 5) 
0.3 
IOL = 100 IJ-A 
(Ports 1, 2 and 3) 
0.45 
V 
IOL = 1.6 mA (Note 1) 
1.0 
IOL = 3.5 mA 


VOL1 
Output Low Voltage (Note 5) 
0.3 
IOL = 200 IJ-A 
(Port 0, ALE/PROG, 
PSEN) 
0.45 
V 
IOL = 3.2 mA (Note 1) 
1.0 
IOL = 7.0 mA 


VOH 
Output High Voltage 
Vcc - 
0.3 
IOH = -10 
IJ-A 
(Ports 1, 2 and 3 
Vcc - 
0.7 
V 
IOH = - 30 IJ-A(Note 2) 
ALE/PROG 
and PSEN) 
Vcc-1.5 
IOH = -60 
IJ-A 


VOH1 
Output High Voltage 
Vcc - 
0.3 
IOH = -200 
IJ-A 
(Port 0 in External Bus Mode) 
Vcc - 
0.7 
V 
IOH = - 3.2 mA (Note 2) 
Vcc - 
1.5 
IOH = -7.0 
mA 


-6.0 
IJ-A(FA Express) 


IlL 
Logical 0 Input Current 
VIN = 0.45V 
(Ports 1, 2 and 3) 
Express (83C51 FA/80C51 FA) 
-75 
IJ-A 
All Others 
-50 


• 


Symbol 
Parameter 
Mln 
Typical 
Max 
Units 
Test Conditions 
(Note 4) 


III 
Input leakage Current (Port 0) 
VIN = VIL or VIH 
Express (B3C51FA/BOC51 FA) 
±15 
p.A 
All Others 
±10 


ITL 
Logical 1 to 0 Transition Current 
VIN = 2V 
(Ports 1, 2 and 3) 
Express 
-750 
p.A 
Commercial 
-650 


RRST 
RST Pulldown Resistor 
B3C51FAlBOC51 FA 
50 
300 
Kfl 
All Others 
40 
225 


CIO 
Pin Capacitance 
10 
pF 
@1MHz, 25"C 


lee 
Power Supply Current: 
(Note 3) 
Active Mode 
At 12 MHz (Figure 5) 
15 
30 
mA 
At 16 MHz 
3B 
mA 
At 20 MHz 
47 
mA 
At 24 MHz 
56 
mA 
Idle Mode 
At 12 MHz (Figure 5) 
5 
7.5 
mA 
At 16 MHz 
9.5 
mA 
At 20 MHz 
11.5 
mA 
At 24 MHz 
13.5 
mA 
Power Down Mode 
5 
75 
p.A 


NOTES: 
1. Capacitive loading on Ports 0 and 2 may cause noise pulses above 0.4V to be superimposed on the VOLSof ALE and 
Ports 1, 2 and 3. The noise is due to external bus capacitance discharging into the Port 0 and Port 2 pins when these pins 
change from 1 to O. In applications where capacitance loading exceeds 100 pF, the noise pulses on these signals may 
exceed O.BV.It may be desirable to qualify ALE or other signals with a Schmitt Trigger, or CMOS-level input logic. 
2. Capacitive loading on Ports 0 and 2 cause the VOHon ALE and PSEN to drop below the 0.9 Vcc specification when the 
address lines are stabilizing. 
3. See Figures 6-9 for test conditions. Minimum Vcc for power down is 2V. 
4. Typicals are based on limited number of samples, and are not guaranteed. The values listed are at room temperature and 5V. 
5. Under steady state (non-transient) conditions, IOLmust be externally limited as follows: 
Maximum IOLper port pin: 
10 mA 
Maximum IOLper B-bit port - 
Port 0: 
26 mA 
Ports 1, 2, and 3: 
15 mA 
Maximum total taL for all output pins: 
71 mA 
If IOLexceeds the test condition, VOL may exceed the related specification. Pins are not guaranteed to sink current greater 
than the listed test conditions. 


OmA 
Ol.lHz 
4l.lHz 
8WHz 
12WHz 
Icc Maxat otherfrequenciesis givenby: 
ActiveMode 
Ice MAX~ 2.2 x FREQ + 3.1 
IdleMode 
Ice MAX~ 0.5 x FREQ + 1.5 
WhereFREQ is in MHz,IceMAXis givenin mA. 


XTAL2 


XTAL 
1 


VSS 


XTAL2 


XTAL 
1 


VSS 


PO 


RST 
EA 


XTAL2 


XTAL 
1 


VSS 


Figure 8. Ice Test Condition, 
Power Down Mode. 
Vee = 2.0V to 6.0V. 


VCC-0.5 
• - - - - -- 
0.7 
Vcc 


0.45V 
0.2 VcCO.1 


TCHCL 


• 


Each timing symbol 
has 5 characters. 
The first char- 
acter 
is always 
a 'T' 
(stands 
for time). 
The 
other 
characters, 
depending 
on their 
positions, 
stand 
for 
the 
name 
of a signal 
or the 
logical 
status 
of that 
signal. The following 
is a list of all the characters 
and 
what they stand for. 


A: Address 


C: Clock 


D: Input Data 


H: Logic level HIGH 


I: Instruction 
(program 
memory 
contents) 


L: Logic level LOW, or ALE 


P:PSEN 


Q: Output 
Data 


R: RD signal 


T: Time 


V: Valid 


W: WR signal 


X: No longer a valid logic level 


Z: Float 


TAVLL 
= Time from Address 
Valid to ALE Low 


TLLPL 
= Time from ALE Low to PSEN Low 


AC CHARACTERISTICS 
(Over Operating 
Conditions, 
Load Capacitance 
for Port 0, ALE/PROG 
and 
PSEN = 100 pF, Load Capacitance 
for All Other Outputs 
= 80 pF) 


EXTERNAL 
MEMORY 
CHARACTERISTICS 
All 
parameter 
values 
apply 
to 
all devices 
unless 
otherwise 
indicated. 
In this 
table, 
8XC51 FX refers 
to 
8XC51FX, 
8XC51 FX-1 and 8XC51 FX-2. 


12 MHz 
20 MHz 
Variable 


Symbol 
Parameter 
Oscillator 
Oscillator 
Oscillator 
Units 


Min 
Max 
Min 
Max 
Min 
Max 


1 
Oscillator 
Frequency 
-- 
TCLCL 
8XC51FX 
3.5 
12 
8XC51 FX-1 
3.5 
16 
MHz 


8XC51 FX-2 
0.5 
12 
8XC51 FX-20 
3.5 
20 


TLHLL 
ALE Pulse Width 
127 
60 
2TCLCL-40 
ns 


TAVLL 
Address 
Valid to ALE Low 
43 
10 
TCLCL-40 
ns 


TLLAX 
Address 
Hold After ALE Low 
53 
20 
TCLCL-30 
ns 


TLLlV 
ALE Low to Valid 
Instruction 
In 
8XC51FX 
234 
4TCLCL-100 
8XC51 FX-20 
125 
4TCLCL-75 
ns 


TLLPL 
ALE Low to PSEN Low 
53 
20 
TCLCL-30 
ns 


TPLPH 
PSEN Pulse Width 
205 
105 
3TCLCL-45 
ns 


TPLIV 
PSEN Low to Valid 
Instruction 
In 
8XC51FX 
145 
3TCLCL-105 
8XC51 FX-20 
60 
3TCLCL-90 
ns 


TPXIX 
Input Instruction 
0 
0 
0 
Hold After PSEN 
ns 


TPXIZ 
Input Instruction 
Float After PSEN 
8XC51FX 
59 
TCLCL-25 
8XC51 FX-20 
30 
TCLCL-20 
ns 


12 MHz 
20 MHz 
Variable 


Symbol 
Parameter 
Oscillator 
Oscillator 
Oscillator 
Units 


Min 
Max 
Min 
Max 
Min 
Max 


TAVIV 
Address to Valid 
312 
145 
5TCLCL-105 
ns 


Instruction 
In 


TPLAZ 
PSEN Low to Address 
Float 
10 
10 
10 
ns 


TALAH 
AD Pulse Width 
400 
200 
6TCLCL-100 
ns 


TWLWH 
WA Pulse Width 
400 
200 
6TCLCL-100 
ns 


TALDV 
AD Low to 
Valid Data In 
8XC51FX 
252 
5TCLCL-165 
8XC51 FX-20 
155 
5TCLCL-95 
ns 


TAHDX 
Data Hold After AD 
0 
0 
0 
ns 


TAHDZ 
Data Float After AD 
107 
40 
2TCLCL-60 
ns 


TLLDV 
ALE Low to 
Valid Data In 
8XC51FX 
517 
8TCLCL-150 
8XC51 FX-20 
310 
8TCLCL-90 
ns 


TAVDV 
Address 
to 
Valid Data In 
8XC51FX 
585 
9TCLCL-165 
8XC51 FX-20 
360 
9TCLCL-90 
ns 


TLLWL 
ALE Low to AD 
200 
300 
100 
200 
3TCLCL-50 
3TCLCL+50 
ns 
orWA 
Low 


TAVWL 
Address 
Valid to WA Low 
8XC51FX 
203 
4TCLCL-130 
8XC51 FX-20 
110 
4TCLCL-90 
ns 


TQVWX 
Data Valid to 
WA Transition 
8XC51FX 
33 
TCLCL-50 
8XC51 FX-20 
15 
TCLCL-35 
ns 


TWHQX 
Data Hold after WA 
8XC51FX 
33 
TCLCL-50 
8XC51 FX-20 
10 
TCLCL-40 
ns 


TQVWH 
Data Valid to WA High 
8XC51FX 
433 
7TCLCL-150 
8XC51 FX-20 
280 
7TCLCL-70 
ns 


TALAZ 
AD Low to Address 
Float 
0 
0 
0 
ns 


TWHLH 
ADorWA 
High 
43 
123 
10 
90 
TCLCL-40 
TCLCL+40 
ns 
to ALE High 


• 


TLLDV 
'1 


TRLRH 


A8-A 
15 
FROM 
PCH 


272322-10 


A -A 
FROM RI OR DPL 


TAVWL 


TQVWH 


DATA 
OUT 


A8-A 
15 
FROM 
PCH 


272322-11 


12 MHz 
20 MHz 
Variable 


Symbol 
Parameter 
Oscillator 
Oscillator 
Oscillator 
Units 


Mln 
Max 
Min 
Max 
Min 
Max 


TXLXL 
Serial Port Clock 
1 
0.600 
12TCLCL 
JLs 
Cycle Time 


TOVXH 
Output Data 
700 
367 
1OTCLCL - 133 
ns 
Setup to Clock 
Rising Edge 


TXHOX 
Output Data 
Hold after Clock 
Rising Edge 
8XC51FX 
50 
2TCLCL-117 
8XC51 FX-20 
50 
2TCLCL-50 
ns 


TXHDX 
Input Data Hold 
0 
0 
0 
ns 
After Clock 
Rising Edge 


TXHDV 
Clock Rising 
700 
367 
1OTCLCL - 133 
ns 
Edge to Input 
Data Valid 


INSTRUCTION 
I 


ALE 


OUTPUT 
DATA 
I 
WRITE TO SBur 


INPUT 
DATA 


_________ 
x 
.,x 
.. 
X 
5 
X•..__ 
.,X 
7 
7 
I 
SET 
TI 


I 
SET 
RI 


272322-12 


• 


Symbol 
Parameter 
Min 
Max 
Units 


1/TCLCL 
Oscillator 
Frequency 
8XC51FX 
3.5 
12 
8XC51 FX-1 
3.5 
16 
MHz 
8XC51 FX-2 
0.5 
12 
8XC51 FX-20 
3.5 
20 


TCHCX 
High Time 
20 
ns 


TCLCX 
Low Time 
20 
ns 


TCLCH 
Rise Time 
20 
ns 


TCHCL 
Fall Time 
20 
ns 


VCC-0.5~0.2VCC+O,9 
V- 


0,45 V-A_0_,2_V_C_C_-_0_., 
A- 


272322-'4 


AC Inputs 
during 
testing 
are driven 
at Vcc-O,5V 
for a Logic 
"," 
and 0.45V for a Logic "0", 
Timing 
measurements 
are made at VIH 
min for a Logic 
"'" 
and VOL max for a Logic 
"0", 


272322-15 
For 
timing 
purposes 
a port 
pin 
is 
no 
longer 
floating 
when 
a 


100 
mV 
change 
from 
load 
voltage 
occurs, 
and 
begins 
to float 


when 
a 100 mV change 
from 
the 
loaded 
VOHIVOL 
level 
occurs, 


IOL/loH 
= ± 20 mA (·L. IOL/IOH = ± 10 mAl, 


Normally 
EAIVpp 
is held at logic high until just be- 
fore 
ALE/PROG 
is to be pulsed. 
Then 
EAIVpp 
is 
raised 
to Vpp, ALE/PROG 
is pulsed 
low, and then 
EAIVpp 
is returned 
to a valid high voltage. 
The volt- 


age on the EAIVpp 
pin must be at the valid EAIVpp 
high level before 
a verify 
is attempted. 
Waveforms 
and detailed 
timing specifications 
are shown 
in later 
sections 
of this data sheet. 


To be programmed, 
the part must be running with a 
4 to 
6 MHz 
oscillator. 
(The 
reason 
the 
oscillator 


needs to be running 
is that the internal 
bus is being 
used to transfer 
address and program 
data to appro- 
priate internal 
EPROM locations.) 
The address 
of an 
EPROM 
location 
to be programmed 
is applied 
to 
Port 1 and pins P2.0 - P2.4 of Port 2, while the code 
byte to be programmed 
into that location 
is applied 


to Port o. The other 
Port 2 and 3 pins, RST PSEN, 


and EAIVpp 
should be held at the "Program" 
levels 


indicated 
in Table 
4. ALE/PROG 
is pulsed 
low to 
program 
the code 
byte into the addressed 
EPROM 
location. 
The setup is shown 
in Figure 10. 


NOTE: 


• 
EAIVpp 
pin must not be allowed 
to go above the 
maximum 
specified 
Vpp level for any amount 
of 
time. Even a narrow glitch above that voltage 
lev- 
el can cause 
permanent 
damage 
to the device. 
The Vpp source should be well regulated 
and free 
of glitches. 


Table 4. EPROM Programming 
Modes 


Mode 
RST 
PSEN 
ALEI 
EAt 
P2.6 
P2.7 
P3.3 
P3.6 
P3.7 
PROG 
Vpp 


Program Code Data 
H 
L 
l...J 
12.75V 
L 
H 
H 
H 
H 


Verify Code Data 
H 
L 
H 
H 
L 
L 
L 
H 
H 


Program Encryption 
H 
L 
l...J 
12.75V 
L 
H 
H 
L 
H 
Array Address 
0-3FH 


Program Lock 
Bit 1 
H 
L 
l...J 
12.75V 
H 
H 
H 
H 
H 
Bits 
Bit 2 
H 
L 
l...J 
12.75V 
H 
H 
H 
L 
L 


Bit 3 
H 
L 
l...J 
12.75V 
H 
L 
H 
H 
L 


Read Signature 
Byte 
H 
L 
H 
H 
L 
L 
L 
L 
L 


u./Vpp 


ALE/PROG 


PSEN 


} 
PROGRAIoI 


SIGNALS 


XTAL 1 
P3.3 


Vss 
RST 


• 


Refer to Table 4 and Figures 
10 and 11 for address. 
data, 
and 
control 
signals 
set 
up. To 
program 
the 
87C51 FX the following 
sequence 
must be exercised. 


1. Input the valid address 
on the address 
lines. 


2. 
Input 
the 
appropriate 
data 
byte 
on the 
data 
lines. 


3. Activate 
the correct 
combination 
of control 
sig- 
nals. 


4. 
Raise EAlVpp 
from Vcc to 12.75V 
±O.25V. 


5. Pulse, ALE/PROG 
5 times for the EPROM 
ar- 
ray, and 25 times for the encryption 
table and 
the lock bits. 


Program verify may be done after each byte or block 
of bytes is programmed. 
In either 
case a complete 
verify 
of the programmed 
array will ensure 
reliable 
programming 
of the 87C51 FX. 


The lock bits cannot 
be directly 
verified. 
Verification 
of the lock bits is done by observing 
that their fea- 


tures are enabled. 
____ 
x 
______ 
X 
______ 
X 
'- 


ADDRESS X 


13 BITS 


DATA 
X 
8 BITS 


CONTROL 
X 
7 BITS 
SIGNALS 


12.75V 
J 


EX/v.. 
5V 
--' 


The 
87C51 FX 
program 
lock 
system. 
when 
pro- 
grammed, 
protects 
the 
onboard 
program 
against 
software 
piracy. 


The 83C51 FX has a one-level 
program 
lock system 
and a 54-byte 
encryption 
table. 
See line 2 of Table 
5. If program 
protection 
is desired, 
the user submits 
the 
encryption 
table 
with their 
code, 
and 
both 
the 


lock-bit 
and encryption 
array are programmed 
by the 
factory. 
The encryption 
array is not available 
without 
the lock bit. For the lock bit to be programmed, 
the 
user must submit an encryption 
table. The 83C51 FA 
does not have protection 
features. 


The 
87C51 FX has a 3-level 
program 
lock 
system 
and 
a 54-byte 
encryption 
array. 
Since 
this 
is an 
EPROM 
device, 
all locations 
are user-programma- 
ble. See Table 5. 


Program 
Lock Bits 
Protection 
Type 
LB1 
LB2 
LB3 


1 
U 
U 
U 
No Program Lock features 
enabled. 
(Code verify will still be encrypted 
by the 
Encryption 
Array if programmed.) 


2 
P 
U 
U 
MOVC instructions 
executed 
from external program 
memory are disabled 
from 
fetching 
code bytes from internal memory, 
EA is sampled 
and latched on Reset, and 
further programming 
of the EPROM is disabled. 


3 
P 
P 
U 
Same as 2, also verify is disabled. 


4 
P 
P 
P 
Same as 3, also external 
execution 
is disabled. 


Encryption 
Array 


Within the EPROM 
array are 64 bytes of Encryption 


Array that are initially unprogrammed 
(all 1's). Every 


time that a byte is addressed 
during a verify, 6 ad- 
dress lines are used to select 
a byte of the Encryp- 


tion 
Array. 
This 
byte 
is 
then 
exclusive-NOR'ed 


(XNOR) 
with the code 
byte, creating 
an Encryption 


Verify 
byte. The algorithm, 
with the array in the un- 
programmed 
state (all 1's), will return the code in its 


original, 
unmodified 
form. 
For programming 
the En- 
cryption 
Array, 
refer 
to Table 
4 (Programming 
the 


EPROM). 


When using the encryption 
array, one important 
fac- 


tor needs 
to be considered. 
If a code 
byte has the 


value OFFH, verifying 
the byte will produce 
the en- 


cryption 
byte value. 
If a large block 
(> 64 bytes) 
of 


code is left unprogrammed, 
a verification 
routine will 


display the contents 
of the encryption 
array. For this 


reason 
all 
unused 
code 
bytes 
should 
be 
pro- 


grammed 
with some value other than OFFH, and not 


all of them 
the same 
value. 
This will ensure 
maxi- 


mum program 
protection. 


Program 
Lock Bits 


The 
87C51 FX has 3 programmable 
lock 
bits that 


when programmed 
according 
to Table 5 will provide 


different 
levels 
of protection 
for the 
on-chip 
code 


and data. 


Erasing 
the EPROM 
also erases 
the encryption 
ar- 


ray and the program 
lock bits, returning 
the part to 


full functionality. 


Reading 
the Signature 
Bytes 


The 
87C51 FX has 
3 signature 
bytes 
in locations 


30H, 31 H, and 60H. The 83C51 FA has 2 signature 


bytes in locations 
30H and 31 H. To read these bytes 
follow 
the procedure 
for EPROM verify, but activate 
the control 
lines provided 
in Table 4 for Read Signa- 
ture Byte. 


Location 
Device 
Contents 


30H 
All 
89H 


31H 
83C51FA 
53H 


All Others 
58H 


60H 
87C51FA 
FAH 


83C51FB 
7BH/FBH 


87C51FB 
FBH 


83C51FC 
7CH/FCH 


87C51FC 
FCH 


Erasure Characteristics 
(Windowed 
Packages Only) 


Erasure 
of the 
EPROM 
begins 
to occur 
when 
the 


chip is exposed 
to light with wavelength 
shorter than 


approximately 
4,000 Angstroms. 
Since sunlight 
and 


fluorescent 
lighting 
have wavelengths 
in this range, 


exposure 
to these 
light sources 
over an extended 


time (about 
1 week 
in sunlight, 
or 3 years 
in room- 


level 
fluorescent 
lighting) 
could 
cause 
inadvertent 


erasure. 
If an application 
subjects 
the device 
to this 


type of exposure, 
it is suggested 
that an opaque 
la- 


bel be placed 
over the window. 


The 
recommended 
erasure 
procedure 
is exposure 


to ultraviolet 
light (at 2537 Angstroms) 
to an integrat- 


ed dose 
of 
at least 
15 W-secl cm. 
Exposing 
the 


EPROM to an ultraviolet 
lamp of 12,000 ,.,.W/cm rat- 


ing for 30 minutes, 
at a distance 
of about 
1 inch, 


should be sufficient. 


• 


EPROM 
PROGRAMMING 
AND VERIFICATION 
CHARACTERISTICS 
(TA = 21°Cto2rc;vcc 
= 5V ±20%;Vss 
= OV) 


Symbol 
Parameter 
Min 
Max 
Units 


Vpp 
Programming 
Supply Voltage 
12.5 
13.0 
V 


Ipp 
Programming 
Supply Current 
75 
mA 


1/TCLCL 
Oscillator 
Frequency 
4 
6 
MHz 


TAVGL 
Address 
Setup to PROG Low 
48TCLCL 


TGHAX 
Address 
Hold after PROG 
48TCLCL 


TDVGL 
Data Setup to PROG Low 
48TCLCL 


TGHDX 
Data Hold after PROG 
48TCLCL 


TEHSH 
P2.7 (ENABLE) 
High to Vpp 
48TCLCL 


TSHGL 
Vpp Setup to PROG Low 
10 
IJ-s 


TGHSL 
Vpp Hold after PROG 
10 
IJ-s 


TGLGH 
PROG Width 
90 
110 
IJ-s 


TAVQV 
Address to Data Valid 
48TCLCL 


TELQV 
ENABLE 
Low to Data Valid 
48TCLCL 


TEHQZ 
Data Float after ENABLE 
0 
48TCLCL 


TGHGL 
PROG High to PROG Low 
10 
IJ-s 


TDVGL 


TAVGL 


TGHDX 


TGHAX 


TSHGL r--- 


TGLGH 


~ 


-VPP 


_ 


___ 
TEHSH 


P2.? 
. 


EA/HIGH 
L 


TELQV1 
__ 
} 


NOTE: 
'5 
pulses 
for the EPROM 
array, 25 pulses 
for the encryption 
table and lock bits. 


in+ _J.~'''¥ 'Vl:j'V 'vYv'" 
,v, """y'"!:!"''' 
l,;UUt:l oala ana reaolng 
me signature 
bytes on the 83C51FA. 


Table 6. ROM Modes 


Mode 
RST 
PSEN 
ALE 
EA 
P2.7 
P2.6 
P3.6 
P3.7 


Verify Code Data 
1 
0 
1 
1 
0 
0 
1 
1 


Read Signature 
1 
0 
1 
1 
0 
0 
0 
0 


NOTES: 
"1" 
= Valid high for that pin 
"0" 
= Valid low for that pin 


Program Verification 


The on-chip 
Program 
Memory 
can be read out for 
verification 
purposes, 
if desired. 
The address 
of the 
Program 
Memory 
location 
to be read 
is applied 
to 
Port 1 and pins P2.0-P2.4. 
The other pins should be 
held 
at 
the 
"Verify" 
levels 
indicated 
in Table 
6. 


The contents 
of the addressed 
locations 
will come 
out on Port O. External 
pullups are required on Port 0 
for this operation. 


Figure 12 shows the setup for verifying 
the program 
memory. 


+5V 


10k.ll 
vcc 
x8 


AO-A7 
PI 
PO 
PGM 
DATA 


RST 
EA 


ALE 
P3.6 


83C51FA 
PSEN 
0 


P3.7 
(ENABLE) 
P2.7 
0 


XTAL2 
P2.6 
0 


XTAL 1 


VSS 


• 


Symbol 
Parameter 
Min 
Max 
Units 


1/TCLCL 
Oscillator 
Frequency 
4 
6 
MHz 


TAVQV 
Address to Data Valid 
48TCLCL 


TELQV 
ENABLE 
Low to Data Valid 
48TCLCL 


TEHQZ 
Data Float after ENABLE 
0 
48TCLCL 


VERIFICATION 


Pl.D-P 
1.7 
j 


ADDRESS 
) 
P2.D-P2 
.• 


-TAVQV 


PORT 0 
DATA OUT 


TELQVl - 
} 
f--TEHQZ 


P2.7 


272322-28 


All thermal 
impedance 
data is approximate 
for static 
air conditions 
at 1W of power dissipation. 
Values will 
change 
depending 
on operating 
conditions 
and ap- 
plications. 
See the Intel Packaging 
Handbook 
(Order 
No. 240800) 
for a description 
of Intel's 
thermal 
im- 
pedance 
test methodology. 


The signature 
bytes are read by the same procedure 


as a normal verification 
of locations 
030H and 031 H, 


except 
that 
P3.6 and 
P3.7 need 
to be pulled 
to a 


logic low. The values 
returned 
are: 
(030H) 
= 89H indicates 
manufacture 
by Intel 
(031 H) = 53H indicates 
83C51 FA 


Package 
6JA 
6JC 
Device 


P 
45°C/W 
16°C/W 
All 
0 
36°C/W 
13°C/W 
80C51 FA, 83C51 FA, 
8XC51FC 
45°C/W 
15°C/W 
87C51 FA, 8XC51 FB 
N 
46°C/W 
16°C/W 
All 
S 
9rC/W 
24°C/W 
FA 
96°C/W 
24°C/W 
FB 
8rC/W 
18°C/W 
FC 


Data sheets are changed 
as new device information 
becomes 
available. 
Verify with your local Intel sales office 


that you have the latest version 
before finalizing 
a design or ordering 
devices. 


87C51 FA/83C51 
FA/80C51 
FA 


83C51 FAl80C51 
FA EXPRESS 


87C51 FA EXPRESS 


87C51 FA-201-3 


87C51 FB/83C51 
FB 


87C51 FB-201 -3 83C51 FB-201-3 


87C51 FB/83C51 
FB EXPRESS 


87C51 FC/83C51 
FC 


87C51 FC/83C51 
FC EXPRESS 


87C51 FC-201 -3 83C51 FC-201-3 


270258-007 


270620-001 


270619-001 


272081-002 


270563-005 


272080-002 


270767-002 


270789-004 


270903-001 


272028-002 
• 


8XL51FX 
COMMERCIAL/EXPRESS 
LOW VOLTAGE 
CHMOS SINGLE-CHIP 8-BIT MICROCONTROLLERS 


87L51FA/83L51FA/80L51FA/87L51FB/83L51FB/87L51FC/83L51FC 
• High Performance 
CHMOS OTP ROM 
• Boolean 
Processor 
• Low Voltage 
Operation 
• 32 Programmable 
I/O Lines 
• 16 MHz Operation 
• 7 Interrupt 
Sources 
• Three 
16-Bit Timer/Counters 
• Four Level Interrupt 
Priority 
• Programmable 
Counter ~rray with: 
• Programmable 
Serial Channel 
with: 
- 
High Speed 
Output, 
- 
Framing 
Error Detection 
- 
Compare/Capture, 
- 
Automatic 
Address 
Recognition 
- 
Pulse Width Modulator, 
• TTL Compatible 
Logic Levels 
- 
Watchdog 
Timer Capabilities 


Up/Down 
Timer/Counter 
• 64K External 
Program 
Memory 
Space 
• 
Three 
Level Program 
Lock System 
• 64K External 
Data Memory 
Space 
• 
8K/16K/32K 
On-Chip 
Program 
Memory 
• MCS®-51 Compatible 
Instruction 
Set 
•• 256 Bytes of On-Chip 
Data RAM 
• 
Power Saving Idle and Power 
Down 
Modes 
• Improved 
Quick Pulse Programming 
• 
ONCE (On-Circuit 
Emulation) 
Mode 
Algorithm 


ROMI 
ROM 
OTPROM 
ROMLESS 
OTPROM 
RAM 
Device 
Version 
Version 
Bytes 
Bytes 


a3L51FA 
a7L51FA 
aOL51FA 
aK 
256 


a3L51FB 
a7L51FB 
aOL51FA 
16K 
256 


a3L51FC 
a7L51FC 
aOL51FA 
32K 
256 


These 
devices 
can address 
up to 64 Kbytes of external 
program/data 
memory. 


The Intel aXL51 FAlaXL51 
FB/aXL51 
FC is a single-chip 
control 
oriented 
microcontroller 
which is fabricated 
on 
Intel's 
reliable 
CHMOS 
III-E technology. 
Being a member 
of the MCS@-51 family, 
the aXL51 FAlaXL51 
FB/ 


aXL51 FC uses the same powerful 
instruction 
set, has the same architecture, 
and is pin-for-pin 
compatible 
with 


the existing 
MCS-51 
products. 


The aXL51 FX is a 3V version 
of current 
aXC51 FX and will operate 
from 2.7V to 3.6V at a frequency 
range of 
3.5 MHz to 16 MHz. 


For the remainder 
of this document, 
the aXL51 FA, aXL51 FB, aXL51 FC will be referred 
to as the aXL51 FX, 


unless information 
applies 
to a specific 
device. 


PSEN 
ALE/PROG 
(A/VPP 
RST 


TIMING 


AND 
CONTROL 


SfRs 
TI~ERS 
P.C.A. 
• 


The 8XL51 FAl8XL51 
FB/8XL51 
FC is manufactured 
on P629.5, 
a CHMOS 
III-E process. 
Additional 
pro- 
cess and reliability 
information 
is available 
in Intel's 
Components Quality and Reliability Handbook, Or- 
der Number 
210997. 


Part 
Prefix 
Package 
Type 


8XL51FX 
N 
44-Pin PLCC 
(OTP) 
S 
44-Pin QFP 
(OTP) 


..• 
"! ~ - 
0 
'" 
u 
0 - 
N 
'" 
INDEX 
;;: 
;;: 
;;: 
;;: 
'" 
u 
0 
6 
0 
0 
CORNER 


0.. 
> 
> 
0.. 
0.. 
0.. 
0.. 


Pl.5 
PO.' 


Pl.6 
PO.S 


Pl.7 
PO.6 


R5T 
PO.7 


P3.0 
i'A/Vpp 


Vcc 
Vss 


P3.1 
AL[jPROG 


P3.2 
PSEN 


P3.3 
31 
P2.7 


P3.4 
P2.6 


P3.5 
P2.S 


<0 
.... ~ 
'" 
'" 


0 
N 
'" 
..• 


.,.; 
.,.; 
--' 
'" 
'" '" 
'" 
'" 
'" 
« « 
> 
> 
N 
0.. 
0.. 
>- 
>- 
0.. 
0.. 
0.. 
0.. 
0.. 


X 
x 


272356-2 
PLCC 


INDEX 
- 
0 
0 
N 
'" 
CORNER 
"": 
"! ~ 
'" 
u 
\ - - - - 
'" >u 6 
6 
6 
6 
0.. 
0.. 
0.. 
0.. 
0.. 
> 
0.. 
0.. 
0.. 
0.. 
-~~: 
~~:~~:~~:~~:~~:~~:~~: 
~~~~~:~~: 
P1.5 
(~ 
t~3 po .• 


PO.5 


PO.6 


PO.7 
fA!Vpp 


Vss 


ALE!PROG 


PSEN 


P2.7 


P2.6 


1J ~ 
~f3 P2.5 
.'-. 
,-.,-.,-..-. ,-. ,-..-..-..-. ,-;.- 
~ 
1~11~11:!ll~II~II~II~II~II~II~II~1 
~ 


2: ~ 
t{2 


3: ~ 
til 
{~ 
t~O 
5: ~ 
tt9 
(~ 
8XL51FX 
t 2) 


7: ~ 
~2j 
a:~ 
t2) 
(; 
~[5 
19; 
tf· 


~ •... 
N :; 
'" 
'" 


0 
N 
"! 
"": 
.,.; 
--' 
'" 
'" '" 
'" 
'" 
'" 
« 
« 
> 
> 
N 
N 
0.. 
0.. 
>- 
>- 
0.. 
0.. 
0.. 
0.. 
0.. 


X 
x 


QFP 


t'IN ut;~\';HIt' IIUN~ 


VCC: Supply voltage. 


Port 0: Port 0 is an 8-bit, open drain, bidirectionalI/O 
port. 
As an output 
port each 
pin can sink several 
inputs. Port 0 pins that have 1's written to them float, 
and 
in that 
state 
can be used 
as high-impedance 
inputs. 


Port 0 is also the multiplexed 
low-order 
address 
and 
data bus during 
accesses 
to external 
Program 
and 
Data Memory. 
In this application 
it uses strong inter- 
nal pullups 
when 
emitting 
1's, and can source 
and 
sink several 
inputs. 


Port 
0 also 
receives 
the 
code 
bytes 
during 
OTP 
ROM programming, 
and ou~puts the code bytes dur- 
ing program 
verification. 
External 
pullup resistors 
are 
required 
during program 
verification. 


Port 1: Port 1 is an 8-bit bidirectional 
I/O 
port with 
internal 
pullups. 
The Port 1 output 
buffers 
can drive 
several 
inputs. 
Port 1 pins that 
have 
1's written 
to 
them are pulled 
high by the internal 
pullups, 
and in 
that state 
can be used as inputs. 
As inputs, 
Port 1 
pins that are externally 
pulled low will source current 
(IlL, on the data sheet) 
because 
of the internal 
pull- 
ups. 


In addition, 
Port 1 serves the functions 
of the follow- 


ing special 
features 
of the 8XL51 FX: 
' 


Port Pin 
Alternate 
Function 


P1.0 
T2 (External Count Input to Timer/ 
Counter 2), Clock Out 


P1.1 
T2EX (Timer/Counter 
2 Capture/ 
Reload Trigger and Direction 
Control) 


P1.2 
ECI (External Count Input to the PCA) 


P1.3 
CEXO (External 
I/O for Compare/ 
Capture Module 0) 
P1.4 
CEX1 (External 
I/O for Compare/ 
Capture Module 
1) 


P1.5 
CEX2 (External 
I/O for Compare/ 
Capture Module 2) 


P1.6 
CEX3 (External 
I/O for Compare/ 
Capture Module 3) 


P1.7 
CEX4 (External 
I/O for Compare/ 
Capture Module 4) 


•.... 
on 
I receives 
me low-oraer 
aaaress 
bytes dUring 
OTP ROM programming 
and verifying. 


Port 2: Port 2 is an 8-bit bidirectional 
I/O 
port with 
internal 
pullups. 
The Port 2 output 
buffers 
can drive 
several 
inputs. 
Port 2 pins that 
have 
1's written 
to 
them are pulled 
high by the internal 
pullups, 
and in 
that 
state can be used as inputs. 
As inputs, 
Port 2 
pins that are externally 
pulled low will source current 
(IlL, on the data sheet) because 
of the internal 
pull- 


ups. 


Port 
2 emits 
the 
high-order 
address 
byte 
during 
fetches 
from 
external 
Program 
Memory 
and during 
accesses 
to external 
Data 
Memory 
that 
use 16-bit 


addresses 
(MOVX 
@DPTR). 
In this 
application 
it 
uses strong 
internal 
pullups 
when emitting 
1's. Dur- 2 


ing accesses 
to external 
Data Memory that use 8-bit 
addresses 
(MOVX @Ri), Port 2 emits the contents 
of 
the P2 Special 
Function 
Register. 


Some Port 2 pins receive the high-order 
address 
bits 
during 
OTP ROM programming 
and program 
verifi- 
cation. 


Port 3: Port 3 is an 8-bit bidirectional 
I/O 
port with 
internal 
pullups. 
The Port 3 output 
buffers 
can drive 
several 
inputs. 
Port 3 pins that 
have 
1's written 
to 
them are pulled 
high by the internal 
pullups, 
and in 
that state can be used as inputs. 
As inputs, 
Port 3 
pins that are externally 
pulled low will source current 
(IlL, on the data sheet) because 
of the pullups. 


Port 3 also serves 
the functions 
of various 
special 
features 
of the MCS-51 
Family, as listed below: 


Port Pin 
Alternate 
Function 


P3.0 
RXD (serial input port) 
P3.1 
TXD (serial output port) 
P3.2 
INTO (external 
interrupt 
0) 
P3.3 
INT1 (external 
interrupt 
1) 
P3.4 
TO (Timer 0 external 
input) 
P3.5 
T1 (Timer 1 external 
input) 
P3.6 
WR (external 
data memory write strobe) 
P3.7 
RD (external 
data memory read strobe) 


RST: Reset input. A high on this pin for two machine 
cycles 
while the oscillator 
is running 
resets 
the de- 
vice. The port pins will be driven to their reset condi- 
tion when a minimum 
VIH2 voltage 
is applied 
wheth- 
er the oscillator 
is running 
or not. An internal 
pull- 


down resistor 
permits 
a power-on 
reset with only a 
capacitor 
connected 
to Vcc. 


ALE: Address 
Latch Enable output pulse for latching 
the low byte of the address 
during accesses 
to ex- 
ternal 
memory. 
This 
pin (ALE/PROG) 
is also 
the 
program 
pulse input during OTP ROM programming 
for the 87L51 FX. 


In normal 
operation 
ALE 
is emitted 
at a constant 
rate of % the oscillator 
frequency, 
and may be used 
for external 
timing or clocking 
purposes. 
Note, how- 
ever, that one ALE pulse is skipped 
during each ac- 
cess to external 
Data Memory. 


If desired, 
ALE operation 
can be disabled 
by setting 
bit 0 of SFR location 
8EH. With the bit set, ALE is 
active 
only 
during 
a MOVX 
or MOVC 
instruction. 


Otherwise, 
the pin is weakly 
pulled high. Setting 
the 
ALE-disable 
bit has no effect 
if the microcontroller 
is 
in external 
execution 
mode. 


Throughout 
the 
remainder 
of this data sheet, 
ALE 
will refer to the signal coming 
out of the ALE/PROG 
pin, and the pin will be referred to as the ALE/PROG 
pin. 


PSEN: Program 
Store 
Enable 
is the read strobe 
to 
ex1ernal Program 
Memory. 


When the 8XL51 FX is executing 
code from ex1ernal 
Program 
Memory, 
PSEN is activated 
twice each ma- 
chine 
cycle, 
except 
that 
two 
PSEN activations 
are 
skipped 
during each access to ex1ernal Data Memo- 
ry. 


EAlVpp: 
External 
Access 
enable. 
EA 
must 
be 
strapped 
to VSS 
in order 
to enable 
the 
device 
to 
fetch code from external 
Program 
Memory 
locations 
OOOOHto OFFFH. Note, however, 
that if either of the 
Program 
Lock bits are programmed, 
EA will be inter- 
nally latched 
on reset. 


EA must 
be strapped 
to VCC for internal 
program 
executions. 


This pin also receives 
the programming 
supply volt- 
age (Vpp) during OTP ROM programming. 


XTAL 1 and XTAL2 are the input and output, 
respec- 
tively, 
of a inverting 
amplifier 
which 
can be config- 
ured for use as an on-chip 
oscillator, 
as shown 
in 
Figure 3. Either a quartz crystal or ceramic 
resonator 
may be used. More detailed 
information 
concerning 
the use of the on-chip 
oscillator 
is available 
in Appli- 
cation 
Note 
AP-155, 
"Oscillators 
for 
Microcontrol- 
lers." 


To drive the device 
from 
an external 
clock 
source, 


XTAL 1 should 
be 
driven, 
while 
XTAL2 
floats, 
as 
shpwn in Figure 4. There are no requirements 
on the 
duty cycle of the ex1ernal clock 
signal, since the in- 
put to the internal 
clocking 
circuitry 
is through 
a di- 
vide-by-two 
flip-flop, 
but 
minimum 
and 
maximum 
high and low times specified 
on the data sheet must 


be observed. 


An external 
oscillator 
may encounter 
as much as a 
100 pF load at XTAL 1 when it starts up. This is due 
to interaction 
between 
the amplifier 
and its feedback 


capacitance. 
Once the external 
signal meets the Vil 


and VIH specifications 
the capacitance 
will not ex- 


ceed 20 pF. 


EXTERNAL 


OSCILLATOR 


SIGNAL 


The user's software 
can invoke the Idle Mode. When 
the microcontroller 
is in this mode, power consump- 
tion is reduced. 
The Special 
Function 
Registers 
and 
the on board RAM retain their values 
during Idle, but 


the 
processor 
stops 
executing 
instructions. 
Idle 
Mode will be exited 
if the chip is reset or if an en- 
abled 
interrupt 
occurs. 
The PCA timer/counter 
can 
optionally 
be 
left 
running 
or 
paused 
during 
Idle 
Mode. 
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To save even more power, a Power Down mode can 
be invoked 
by software. 
In this mode, the oscillator 
is stopped 
and the instruction 
that 
invoked 
Power 
Down 
is the last instruction 
executed. 
The on-chip 
RAM and Special 
Function 
Registers 
retain their val- 
ues until the Power Down mode is terminated. 


On the 8XL51 FX either 
hardware 
reset or external 
interrupt 
can cause an exit from Power Down. Reset 
redefines 
all the SFRs but does not change 
the on- 
chip 
RAM. 
An 
external 
interrupt 
allows 
both 
the 
SFRs and the on-chip 
RAM to retain their values. 


To properly 
terminate 
Power 
Down the reset or ex- 
ternal interrupt 
should not be executed 
before Vcc is 
restored 
to its normal 
operating 
level and must be 
held active 
long enough 
for the oscillator 
to restart 
and stabilize 
(normally 
less than 10 ms). 


With an external 
interrupt, 
INTO or INT1 must be en- 
abled and configured 
as level-sensitive. 
Holding 
the 
pin low restarts 
the 
oscillator 
but bringing 
the 
pin 
back 
high completes 
the exit. Once the interrupt 
is 
serviced, 
the 
next 
instruction 
to be executed 
after 
RETI will be the one following 
the instruction 
that put 
the device 
into Power Down. 


• 
The 8XL51FX 
will operate 
from 2.7V to 3.6V with 
a frequency 
range of 3.5 MHz to 16 MHz. Operat- 
ing beyond 
these 
specifications 
could cause 
im- 
proper 
device 
functionality. 


• 
When the idle mode is terminated 
by a hardware 
reset, the device 
normally 
resumes 
program 
exe- 
cution, 
from where 
it left off, up to two machine 
cycles 
before 
the 
internal 
reset 
algorithm 
takes 
control. 
On-chip hardware 
inhibits access to inter- 
nal RAM in this event, but access to the port pins 
is not inhibited. 
To eliminate 
the possibility 
of an 
unexpected 
write when 
Idle is terminated 
by re- 
set, the instruction 
following 
the one that invokes 
Idle should not be one that writes to a port pin or 
to external 
memory. 


The ONCE ("On-Circuit 
Emulation") 
Mode facilitates 
testing 
and 
debugging 
of 
systems 
using 
the 
8XL51FX 
without 
the 
8XL51FX 
having 
to 
be 
re- 
• 
moved from the circuit. The ONCE Mode is invoked 
by: 


1) Pull ALE 
low while 
the 
device 
is in reset 
and 
PSEN is high; 


2) Hold ALE low as RST is deactivated. 


While the device 
is in ONCE 
Mode, the Port 0 pins 
float, and the other port pins and ALE and PSEN are 
weakly 
pulled high. The oscillator 
circuit remains 
ac- 
tive. While the 8XL51 FX is in this mode, an emulator 
or test CPU can be used to drive the circuit. 
Normal 
operation 
is restored 
when a normal reset is applied . 


Mode 
Program 
ALE 
PSEN 
PORTO 
PORn 
PORT2 
PORT3 
Memory 


Idle 
Internal 
1 
1 
Data 
Data 
Data 
Data 


Idle 
External 
1 
1 
Float 
Data 
Address 
Data 


Power Down 
Internal 
0 
0 
Data 
Data 
Data 
Data 


Power Down 
External 
0 
0 
Float 
Data 
Data 
Data 


NOTE: 
For more detailed information on the reduced power modes refer to current Embedded Microcontrollers and Processors 
Handbook Volume I, #270646, and Application Note AP-252 (Embedded Applications Handbook), #270648, "Designing 
with the 80C51BH." 


The Intel EXPRESS 
system offers enhancements 
to 
the operational 
specifications 
of the MCS-51 
family 
of microcontrollers. 
These 
EXPRESS 
products 
are 
designed 
to meet 
the 
needs 
of those 
applications 
whose 
operating 
requirements 
exceed 
commercial 
standards. 


The 
EXPRESS 
program 
includes 
the 
commercial 
standard 
temperature 
range with burn-in and an ex- 
tended 
temperature 
range with or without 
burn-in. 


With 
the 
commercial 
standard 
temperature 
range, 
operational 
characteristics 
are guaranteed 
over the 
temperature 
range of O·C to 70·C. With the extend- 
ed temperature 
range option, 
operational 
character- 
istics 
are guaranteed 
over the range 
of 
- 40·C 
to 
+ 85·C. 


The optional 
burn-in is dynamic 
for a minimum 
time 
of 168 hours 
at 125·C 
with 
VCC = 6.9V 
±0.25V, 
following 
guidelines 
in MIL-STD-883, 
Method 
1015. 


Package types and EXPRESS versions 
are identified 
by a one- or two-letter 
prefix to the part number. The 
prefixes 
are listed in Table 2. 


. 
..... 


data sheet 
specifies 
the parameters 
which 
deviate 
from their commercial 
temperature 
range limits. 


Prefix 
Package 
Temperature 
Burn-In 
Type 
Range 


N 
PLCC 
Commercial 
No 


S 
QFP 
Commercial 
No 


LN 
PLCC 
Extended 
Yes 


TN 
PLCC 
Extended 
No 


TS 
QFP 
Extended 
No 


NOTE: 
Contact 
your 
distributor 
or local 
sales 
office 
to match 
the 
EXPRESS 
prefix with the proper 
device. 


EXAMPLES: 
N87L51FC 
indicates 
87L51FC 
in 
a 
PLCC 
package 
and 
specified 
for commercial 
temperature 
range, 
without 
burn- 


in. 


LN87L51 FC indicates 
87L51 FC in a PLCC package 
and specified 
for extended 
temperature 
range 
with 
burn-in. 


NOTICE: 
This 
document 
contains 
information 
on 
products in the design phase of development. 
Do not 
finalize a design with this information. 
Revised infor- 
mation will be published when the product is avail- 
able. 


• WARNING: Stressing the device beyond the "Absolute 
Maximum 
Ratings" 
may 
cause 
permanent 
damage. 
These are stress ratings only. Operation 
beyond 
the 


"Operating 
Conditions" 
is not recommended 
and ex- 


tended 
exposure 
beyond 
the 
"Operating 
Conditions" 


may affect device reliability. 


Ambient 
Temperature 
Under Bias. 
- 40°C to + 85°C 


Storage Temperature 
-65°C 
to + 150°C 


Voltage on EAlVpp 
Pin to Vss 
OV to + 13.0V 


Voltage on Any Other Pin to Vss 
.. -0.5V 
to + 6.5V 


1m per I/O Pin 
15 mA 


Power Dissipation 
1.5W 


(based on PACKAGE 
heat transfer 
limitations, 
not 
device 
power consumption) 


Symbol 
Description 
Min 
Max 
Units 


TA 
Ambient Temperature 
Under Bias 
Commercial 
0 
+70 
°C 
Express 
-40 
+85 
°C 


Vcc 
Supply Voltage 
2.7 
3.6 
V 


DC CHARACTERISTICS 
(Over Operating 
Conditions) 


All parameter 
values apply to all devices 
unless otherwise 
indicated. 


Symbol 
Parameter 
Mln 
'!lax 
Units 
Test Conditions 


VIL 
Input Low Voltage 
-0.5 
0.8 
V 


(except XTAL 1, RST) 


VIL1 
Input Low Voltage 
-0.5 
0.2 Vcc - 
0.1 
V 
(XTAU, 
RST) 


VIH 
Input High Voltage 
2.0 
Vcc + 0.5 
V 
(Except XTAL 1, RST, EA) 


VIH1 
Input High Voltage (EA) 
Vcc-1.O 
Vcc + 0.5 
V 


VIH2 
Input High Voltage 
0.7 Vcc 
Vcc + 0.5 
V 
(XTAU, 
RST) 


VOL 
Output Low Voltage (Note 4) 
0.4 
V 
1m = 1.6 mA (Note 1) 
(Ports 1, 2 and 3) 


VOL1 
Output Low Voltage (Note 4) 
0.4 
V 
1m = 3.2 mA 
(Port 0, ALE/PSEN) 
(Note 1) 


VOH 
Output High Voltage 
Vcc - 
0.7 
V 
IOH = -30 
p.A 
(Ports 1, 2 and 3, ALE, PSEN 
(Note 2) 


VOH1 
Output High Voltage 
2.4 
V 
IOH = -1.0mA 


(Port 0 in External Bus Mode) 
(Note 2) 


IlL 
Logical 0 Input Current 
-50 
p.A 
VIN = O.4V 


(Ports 1, 2 and 3) 


III 
Input Leakage Current (Port 0) 
±10 
p.A 
0< 
VIN < Vcc 


• 


DC CHARACTERISTICS 
(Over Operating 
Conditions) 
All parameter 
values apply to all devices 
unless otherwise 
indicated. 
(Continued) 


Symbol 
Parameter 
Min 
Max 
Units 
Test Conditions 


ITL 
Logical 1 to 0 
-750 
Il-A 
VIN = TBD 
Transition 
Current 
(Ports 1, 2 and 3) 


RRST 
RST Pulldown 
Resistor 
40 
225 
KO 


ICC 
Power Supply Current 
(Note 3) 


Active Mode at 16 MHz 
25 
mA 
Idle Mode at 16 MHz 
6 
mA 
Power-Down 
Mode 
100 
Il-A 


NOTES: 
1. Capacitive loading on Ports 0 and 2 may cause noise pulses above 0.4V to be superimposed on the VOLSof ALE and 
Ports 1, 2 and 3. The noise is due to external bus capacitance discharging into the Port 0 and Port 2 pins when these pins 
change from 1 to O. In applications where capacitance loading exceeds 100 pF, the noise pulses on these signals may 
exceed 0.8V. It may be desirable to qualify ALE or other signals with a Schmitt Trigger, or CMOS-level input logic. 
2. Capacitive loading on Ports 0 and 2 cause the VOHon ALE and PSEN to drop below the 0.9 Vcc specification when the 
address lines are stabilizing. 
3. See Figures 6-9 for test conditions. Minimum Vcc for power down is 2V. 
4. Under steady state (non-transient) conditions, IOLmust be externally limited as follows: 


Maximum IOLper port pin: 
10 mA 
Maximum IOLper 8-bit port - 
Port 0: 
26 mA 
Ports 1, 2, and 3: 
15 mA 
Maximum total IOLfor all output pins: 
71 mA 
If IOLexceeds the test condition, VOL may exceed the related specification. Pins are not guaranteed to sink current greater 
than the listed test conditions. 
Running the device with EA at a higher voltage than Vcc sinks additional currrent. 


OmA 


o 104Hz 
4104Hz 


Ice Max at other frequencies is given by: 
Active Mode 
Ice MAX ~ 1.4 x FREQ + 2.2 
Idle Mode 
Ice MAX = 0.3 x FREQ + 1.0 
Where FREQ is in MHz, IceMAX is given in mA. 


CLOCK 
(NC) 


SIGNAL 


XTAL2 


XTAL 1 
VSS 


PO 


RST 
EA 


XTAL2 


XTAL 
1 


VSS 


XTAL2 


XTAL 
1 


VSS 


Figure 8. Ice Test Condition, 
Power Down Mode. 
Vee = 2.7V to 3.6V. 


VCC-0.5 
• - - - - -- 
0.7 
Vcc 
0.45V 
0.2 Vcc-O.l 
TCHCL 
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A: Address 


C: Clock 
0: Input Data 


H: Logic level HIGH 


I: Instruction 
(program 
memory 
contents) 


P:PSEN 


Q: Output 
Data 


R: RD signal 


T: Time 


V: Valid 


W: WR signal 


X: No longer a valid logic level 


Z: Float 


Each timing symbol has 5 characters. 
The first char- 
acter 
is always 
a 'T' 
(stands 
for time). 
The 
other 
characters, 
depending 
on their 
positions, 
stand 
for 
the 
name 
of a signal 
or the 
logical 
status 
of that 
signal. The following 
is a list of all the characters 
and 
what they stand for. 


TAVLL = Time from Address 
Valid to ALE. Low 


TLLPL 
= Time from ALE Low to PSEN Low 


AC CHARACTERISTICS 
(Over Operating 
Conditions, 
Load Capacitance 
for Port 0, ALE/PROG 
and 
PSEN = 100 pF, Load Capacitance 
for All Other Outputs = 80 pF) 


EXTERNAL 
MEMORY 
CHARACTERISTICS 
All parameter 
values 
apply to all devices 
unless otherwise 
indicated 


Symbol 
Parameter 
Mln 
Max 
Units 


1/TCLCL 
Oscillator 
Frequency 
3.5 
16 
MHz 


TLHLL 
ALE Pulse Width 
2TCLCL-40 
ns 


TAVLL 
Address Valid to ALE Low 
TCLCL-40 
ns 


TLLAX 
Address 
Hold After ALE Low 
TCLCL-30 
ns 


TLLlV 
ALE Low to Valid Instruction 
In 
4TCLCL-100 
ns 


TLLPL 
ALE Low to PSEN Low 
TCLCL-30 
ns 


TPLPH 
PSEN Pulse Width 
3TCLCL-45 
ns 


TPLIV 
PSEN Low to Valid Instruction 
In 
3TCLCL-105 
ns 


TPXIX 
Input Instruction 
0.0 
ns 
Hold After PSEN High 


TPXIZ 
Input Instruction 
TCLCL-25 
ns 
Float After PSEN High 


TAVIV 
Address to Valid Instruction 
In 
5TCLCL-105 
ns 


TPLAZ 
PSEN Low to Address 
Float 
10.0 
ns 


TRLRH 
RD Pulse Width 
6TCLCL-100 
ns 


TWLWH 
WR Pulse Width 
6TCLCL-100 
ns 


TRLDV 
RD Low to Valid Data In 
5TCLCL-165 
ns 


TRHDX 
Data Hold after RD 
0.0 
ns 


TRHDZ 
Data Float after RD 
2TCLCL-60 
ns 


TLLDV 
ALE Low to Valid Data In 
8TCLCL-150 
ns 


TAVDV 
Address 
to Valid Data In 
9TCLCL-165 
ns 
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AC CHARACTERISTICS 
(Over Operating 
Conditions, 
Load Capacitance 
for Port 0, ALE/PROG 
and 
PSEN = 100 pF, Load Capacitance 
for All Other Outputs = 80 pF) (Continued) 


Symbol 
Parameter 
Mln 
Max 
Units 


TLLWL 
ALE Low to RD or WR Low 
3TCLCL-SO 
3TCLCL+SO 
ns 


TAVWL 
Address 
Valid to WR Low 
4TCLCL-130 
ns 


TQVWX 
Data Valid before WR 
TCLCL-SO 
ns 


TWHQX 
Data Hold after WR 
TCLCL-SO 
ns 


TQVWH 
Data Valid to WR High 
7TCLCL-1S0 
ns 


TRLAZ 
RD Low to Address 
Float 
0.0 
ns 


TWHLH 
RD or WR High to ALE High 
TCLCL-40 
TCLCL+40 
ns • 


TLLDV 
• I 


TRLRH 


TAVDV 


P2.D-P2.7 
OR A8-A15 
FROM 
DPH 
A8-A 
15 
FROM 
PCH 


272356-12 


AO-A7 
FROt.4 RI OR DPL 


TAVWL 


TQVWH 


DATA 
OUT 


A8-A 
15 
FROM 
PCH 


272356-13 


Symbol 
Parameter 
Min 
Max 
Units 


TXLXL 
Serial Port Clock Cycle Time 
12TCLCL 
ns 


TOVXH 
Output Data Setup to Clock Rising Edge 
1OTCLCL -133 
ns 


TXHOX 
Output Data Hold After Clock Rising Edge 
2TCLCL -117 
ns 


TXHDX 
Input Data Hold After Clock Rising Edge 
0.0 
ns 


TXHDV 
Clock Rising Edge to Input Data Valid 
1OTCLCL -133 
ns 


INSTRUCTION 
I 


ALE 


OUTPUT 
DATA 


t 
WRITE TO SBUF 


INPUT 
DATA 


__________________x 
3 
X 
• 
X 
5 
X 
6 
X 
7 
I 
I 
SET 
TI 


I 
SET 
RI 
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Symbol 
Parameter 
Min 
Max 
Units 


1/TClCl 
Oscillator 
Frequency 
3.5 
16 
MHz 


TCHCX 
High Time 
20.0 
ns 


TClCX 
low 
Time 
20.0 
ns 


TClCH 
Rise Time 
20.0 
ns 


TCHCl 
Fall Time 
20.0 
ns 


VCC-O.5-y- 
0.2VCC+0.9 
V- 


~ 
0.2 VCc-O., 
A-.. 


0.45 V 
-------~ 
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AC Inputs 
during 
testing 
are driven 
at VCC-0.5V 
for a Logic 
"',"' 
and 0.45V for a Logic 
"'0". Timing 
measurements 
are made at VIH 
min for a Logic 
"',"' 
and VOL max for a Logic 
"'0"'. 


To be programmed, 
the part must be running with a 
4 to 
6 MHz 
oscillator. 
(The 
reason 
the 
oscillator 
needs to be running 
is that the internal 
bus is being 
used to transfer 
address 
and program 
data to appro- 


priate internal 
OTP ROM locations.) 
The address 
of 
an OTP ROM location 
to be programmed 
is applied 
to Port 1 and pins P2.0 - P2,4 of Port 2, while the 
code 
byte 
to be programmed 
into that 
location 
is 
applied 
to Port O. The other 
Port 2 and 3 pins, RST 
PSEN, and EAlVpp 
should be held at the "Program" 


levels indicated 
in Table 3. AlE/PROG 
is pulsed low 
to program 
the code 
byte into the addressed 
OTP 
ROM location. 
The setup is shown 
in Figure 10. 
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For 
liming 
purposes 
a port 
pin 
is 
no 
longer 
floating 
when 
a 


100 
mV change 
from 
load 
voltage 
occurs, 
and 
begins 
to float 


when 
a 100 mV change 
from 
the loaded 
VOHIVOL 
level 
occurs. 
IOL/loH 
= 
±20 
mA (-L, IOL/IOH 
~ 
± 10 mAl· 


Normally 
EAlVpp 
is held at logic high un..!!!just be- 


fore 
AlE/PROG 
is to be pulsed. 
Then 
EAlVpp 
is 


raised 
to Vpp, AlE/PROG 
is pulsed 
low, and then 


EAlVpp 
is returned 
to a valid high voltage. 
The volt- 
age on the EAlVpp 
pin must be at the valid EAlVpp 


high level before 
a verify 
is attempted. 
Waveforms 


and detailed 
timing specifications 
are shown 
in later 


sections 
of this data sheet. 


NOTE: 


• 
EAlVpp 
pin must not be allowed 
to go above the 


maximum 
specified 
Vpp level for any amount 
of 


time. Even a narrow glitch above that voltage 
lev- 


el can cause 
permanent 
damage 
to the device. 


The Vpp source should be well regulated 
and free 


of glitches. 


Table 3. OTP ROM Programming 
Modes 


(H = 2.7V to 3.6V; H1 = 5V ± 10%) 


Mode 
RST 
PSEN 
ALE! 
EA! 
P2.6 
P2.7 
P3.3 
P3.6 
P3.7 
Vcc 
PROG 
Vpp 


Program Code Data 
H1 
L 
Lr 
12.75V 
L 
H1 
H1 
H1 
H1 
H1 


Verify Code Data 
H 
L 
H 
H 
L 
L 
L 
H 
H 
H 


Program Encryption 
H1 
L 
Lr 
12.75V 
L 
H1 
H1 
L 
H1 
H1 
Array Address 
0-3FH 


Program 
Lock 
Bit 1 
H1 
L 
Lr 
12.75V 
H1 
H1 
H1 
H1 
H1 
H1 
Bits 
Bit 2 
H1 
L 
Lr 
12.75V 
H1 
H1 
H1 
L 
L 
H1 


Bit 3 
H1 
L 
Lr 
12.75V 
H1 
L 
H1 
H1 
L 
H1 


Read Signature 
Byte 
H 
L 
H 
H 
L 
L 
L 
L 
L 
H 


[A/Vpp 


ALE/PROG 


PSEN 


} 
PROGRAM 


SIGNALS 


Refer to Table 3 and Figures 
10 and 11 for address, 


data, 
and 
control 
signals 
set up. To program 
the 
87L51 FX the following 
sequence 
must be exercised. 


1. Input the valid address 
on the address 
lines. 


2. 
Input 
the 
appropriate 
data 
byte 
on the 
data 


lines. 


3. Activate 
the correct 
combination 
of control 
sig- 
nals. 


4. 
Raise EAlVpp 
from Vcc 
to 12.75V 
±0.25V. 


5. Pulse, ALE/PROG 
5 times 
for the OTP ROM 
array, and 25 times for the encryption 
table and 
the lock bits. 


Repeat 
1 through 
5 changing 
the address 
and data 
for the entire array or until the end of the object file is 
reached. 


Program verify may be done after each byte or block 
of bytes is programmed. 
In either 
case 
a complete 
verify 
of the programmed 
array will ensure 
reliable 
programming 
of the 87L51 FX. 


The lock bits cannot 
be directly 
verified. 
Verification 
of the lock bits is done by observing 
that their fea- 


tures are enabled. 


• 


____ 
x 
______ 
x 
______ 
x 
'-- 


ADDRESS X 


13 
BITS 


DATA 
X 
8 
BITS 


CONTROL 
X 
7 
BITS 
SIGNALS 


12.75V 
I 


EA/Vpp 
3V-.I 


The 
87L51 FX 
program 
lock 
system, 
when 
pro- 
grammed, 
protects 
the 
onboard 
program 
against 
software 
piracy. 


The 83 L51 FX has a one-level 
program 
lock system 
and a 64-byte 
encryption 
table. 
See line 2 of Table 
4. If program 
protection 
is desired, 
the user submits 
the 
encryption 
table 
with their 
code, 
and 
both the 
lock-bit 
and encryption 
array are programmed 
by the 
factory. 
The encryption 
array is not available 
without 
the lock bit. For the lock bit to be programmed, 
the 
user must submit an encryption 
table. 


The 
87L51 FX has a 3-level 
program 
lock 
system 
and a 64-byte 
encryption 
array. Since this is an OTP 
ROM 
device, 
all locations 
are user-programmable. 


See Table 4. 


Encryption 
Array 


Within 
the OTP ROM array are 64 bytes of Encryp- 
tion Array that 
are initially 
unprogrammed 
(all 1's). 


Every time that a byte is addressed 
during a verify, 6 
address 
lines are used to select 
a byte of the 
En- 


cryption 
Array. 
This byte is then 
exclusive-NOR'ed 
(XNOR) 
with the code 
byte, creating 
an Encryption 
Verify byte. The algorithm, 
with the array in the un- 


programmed 
state (all 1's), will return the code in its 
original, 
unmodified 
form. 
For programming 
the En- 


cryption 
Array, 
refer 
to Table 
3 (Programming 
the 
OTP ROM). 


When using the encryption 
array, one important 
fac- 


tor needs 
to be considered. 
If a code 
byte has the 
value OFFH, verifying 
the byte will produce 
the en- 


cryption 
byte value. 
If a large block 
(>64 
bytes) 
of 
code is left unprogrammed, 
a verification 
routine will 
display the contents 
of the encryption 
array. For this 
reason 
all 
unused 
code 
bytes 
should 
be 
pro- 


grammed 
with some value other than OFFH, and not 
all of them 
the same 
value. 
This will ensure 
maxi- 
mum program 
protection. 


Program 
Lock Bits 
Protection 
Type 
LB1 
LB2 
LB3 


1 
U 
U 
U 
No Program Lock features 
enabled. 
(Code verify will still be encrypted 
by the 
Encryption 
Array if programmed.) 


2 
P 
U 
U 
MOVC instructions 
executed 
from external program 
memory are disabled 
from 
fetching 
code bytes from internal memory, 
EA is sampled 
and latched on Reset, 


and further programming 
of the OTP ROM is disabled. 


3 
P 
P 
U 
Same as 2, also verify is disabled. 


4 
P 
P 
P 
Same as 3, also external execution 
is disabled. 


The 
87L51 FX has 
3 programmable 
lock 
bits 
that 
when programmed 
according 
to Table 4 will provide 
different 
levels 
of protection 
for the 
on-chip 
code 
and data. 


Reading 
the Signature 
Bytes 


The 87L51 FX/83L51 
FX has 3 signature 
bytes in lo- 
cations 
30H, 31 H, and 60H. To read these bytes fol- 


low the procedure 
for OTP ROM verify, but activate 
the control 
lines provided 
in Table 3 for Read Signa- 
ture Byte. 


Location 
Device 
Contents 


30H 
All 
89H 


31H 
All 
58H 


60H 
83L51FA 
70H 
87L51FA 
FOH 
83L51FB 
71H 
87L51FB 
F1H 
83L51FC 
72H 
87L51FC 
F2H • 


OTP ROM PROGRAMMING 
AND VERIFICATION 
CHARACTERISTICS 
(TA = 21°C to 27°C; VCC = 2.7V to 3.6V; VSS = OV) 


Symbol 
Parameter 
Mln 
Max 
Units 


Vpp 
Programming 
Supply Voltage 
12.5 
13.0 
V 


Ipp 
Programming 
Supply Current 
75 
mA 


1/TCLCL 
Oscillator 
Frequency 
4 
6 
MHz 


TAVGL 
Address 
Setup to PROG Low 
48TCLCL 


TGHAX 
Address 
Hold after PROG 
48TCLCL 


TDVGL 
Data Setup to PROG Low 
48TCLCL 


TGHDX 
Data Hold after PROG 
48TCLCL 


TEHSH 
P2.7 (ENABLE) 
High to Vpp 
48TCLCL 


TSHGL 
Vpp Setup to PROG Low 
10 
/JoS 


TGHSL 
Vpp Hold after PROG 
10 
/JoS 


TGLGH 
PROG Width 
90 
110 
/JoS 


TAVQV 
Address 
to Data Valid 
48TCLCL 


TELQV 
ENABLE 
Low to Data Valid 
48TCLCL 


TEHQZ 
Data Float after ENABLE 
0 
48TCLCL 


TGHGL 
PROG High to PROG Low 
10 
/Jos 


TDVGL 


TAVGL 


TGHDX 


TGHAX 


TSHGL 


TGLGH 


. EA/Vpp 
~--V--- 


---- 
",,:' 
P2.7 
• 


(A/HIGH 
L 


T(LQV 1... 
C 1 


NOTE: 
·5 pulses for the OTP ROM array, 25 pulses for the encryption table and lock bits. 


8XC51GB 
CHMOS SINGLE-CHIP 8-BIT MICROCONTROLLER 
Commercial/Express 


87C51GB-8 
Kbytes OTP/8 Kbytes Internal Program Memory 
83C51GB-8 
Kbytes Factory Programmable ROM 
80C51GB-CPU 
with RAM and I/O 
8XC51GB-3.5 
MHz to 12 MHz ± 20% Vcc 
8XC51GB-1-3.5 
MHz to 16 MHz ± 20% Vcc 
• 8 Kbytes On-Chip ROM/OTP ROM 
• 48 Programmable I/O Lines with 
• 256 Bytes of On-Chip Data RAM 
40 Schmitt Trigger Inputs 
• Two Programmable Counter Arrays 
• 15 Interrupt Sources with: 


with: 
- 
7 External, 8 Internal Sources • 


- 
2 x 5 High Speed Input/Output 
- 
4 Programmable Priority Levels 


Channels Compare/Capture 
• Pre-Determined Port States on Reset 
- 
Pulse Width Modulators 
• High Performance CHMOS Process 
- 
Watchdog Timer Capabilities 


Three 16-Bit Timer/Counters 
with 
• TTL and CHMOS Compatible Logic 
• 
Levels 
- 
Four Programmable 
Modes: 
- 
Capture, Baud Rate Generation 
• Power Saving Modes 
(Timer 2) 
• 64K External Data Memory Space 
• Dedicated Watchdog Timer 
• 64K External Program Memory Space 
• 8-Blt, 8-Channel A/D with: 
• Three Level Program Lock System 
- 
Eight 8-Bit Result Registers 
• ONCE (ON-Circuit Emulation) Mode 
- 
Four Programmable Modes 
• Programmable Serial Channel with: 
• Quick Pulse Programming Algorithm 


- 
Framing Error Detection 
• MCS®-51 Fully Compatible Instruction 
- 
Automatic 
Address Recognition 
Set 
• Serial Expansion Port 
• Boolean Processor 
• Programmable Clock Out 
• Oscillator Fall Detect 
• Extended Temperature 
Range: 
• Available In 68-Pln PLCC 
(- 40·C to + 85·C) 


MEMORY 
ORGANIZATION 


PROGRAM 
MEMORY: 
Up to 8 Kbytes of the program 
memory can reside in the on-chip 
ROM. Also, the device 


can address 
up to 64K of program 
memory 
external 
to the chip. 


DATA MEMORY: 
This microcontroller 
has a 256 x 8 on-chip 
RAM. In addition 
it can address up to 64 Kbytes of 
external 
data memory. 


The Intel8XC51GB 
is a single-chip 
control 
oriented 
microcontroller 
which is fabricated 
on Intel's CHMOS 
IIt-E 


technology. 
The 8XC51 GB is an enhanced 
version 
of the 8XC51 FA and uses the same powerful 
instruction 


set and architecture 
as existing 
MCS@-51 products. 
Added features 
make it an even more powerful 
microcon- 


troller for applications 
that require On-Chip 
A/D, 
Pulse Width Modulation, 
High Speed 
I/O, up/down 
counting 


capabilities 
and memory 
protection 
features. 
It also has a more versatile 
serial channel 
that facilitates 
multi- 


processor 
communications. 


v~ 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 


Vss 
I 
-±: 


TRIGIN 
COWPREf 


A.VREf 
A.VSS 


PSEN 


ALE/P'iIDG 
fi/vpp 


RESET 


A 
-+C 


H 
7 


PACKAGES 


Part 


8XC51GB 


Package 
Type 


68-Pin PLCC 


This device 
is manufactured 
on P629.0, 
a CHMOS 
III-E process. 
Additional 
process 
and reliability 
infor- 
mation 
is available 
in Intel's 
Components 
Quality 
and Reliability 
Handbook, 
Order No. 210997. 


• 
• 
The 8XC51 GB contains 
six 8-bit parallel 
I/O ports. 


All six ports are bidirectional 
and consist 
of a latch, 


an output 
driver, 
and an input 
buffer. 
Many 
of the 
port pins have multiplexed 
I/O and control 
functions. 


Port 0 has open drain outputs 
when it is not serving 
as the external 
data bus. The internal pullup is active 
only when the pin is outputting 
a logic 1 during exter- 
nal memory 
access. 
An external 
pullup 
resistor 
is 


required 
on Port 0 when 
it is serving 
as an output 
port. 


Ports 
1, 2, 3, 4, and 5 have quasi-bidirectional 
out- 
puts. A strong 
pullup provides 
a fast rise time when 


the pin is set to a logic 1. This pullup turns on for two 
oscillator 
periods to drive the pin high and then turns 
off. The pin is held high by a weak pullup. 


Writing the PO, P1, P2, P3, P4 or P5 Special 
Function 
Register 
sets 
the 
corresponding 
port 
pins. 
All 
six 
port registers 
are bit addressable. 


The pins of all six ports are configured 
as inputs by 


writing 
a logic 
1 to them. 
Since 
Port 0 is an open 


drain port, it provides 
a very high input impedance. 


Since pins of Port 1, 2, 3, 4 and 5 have weak pull ups 
(which 
are always 
on), they source 
a small 
current 


when 
driven 
low externally. 
All ports 
except 
Port 0 


have Schmitt 
trigger 
inputs. 


Ports 
0 and 3 reset 
asynchronously 
to a one 
and 
Ports 1, 2, 4, and 5 reset to 'a zero asynchronously. 


The 8XC51GB 
will be packaged 
in the 68-lead 
PLCC 


package. 
Its pin assignment 
is shown 
in Figure 2. 


Diagram 
is for Pin Reference 
Only. Package 
Size is Not to Scale. 
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C 1EX2/P4.5 


C 1EX3/P4.6 


C 1EX4/P4. 
7 


Vcc 


P5.0 


P5.1 


INT2/P5.2 


INT3/P5.3 


INU/P5.4 


INT5/P5.5 


INT6/P5.6 


P5.7 


T2!P1.0 


T2EX/P 
1. 1 


ECI/P1.2 


CEXO/P1.3 


CEX1/P1.4 


P2.3/Al1 


P2.2/Al0 


P2.1/A9 


P2.0/A8 


EA/V;p 


ALE/PROG' 


PSEN 


XTAL2 


XTAL 1 


Vss 


TRIGIN 


ACHO 


ACHl 


ACH2 


ACH3 


ACH" 


ACH5 


• 


ALTERNATE 
PORT FUNCTIONS 
Ports 0, 1, 2, 3, 4 and 5 have alternate 
functions 
as well as their I/O function 
as described 
below. 


Port Pin 
Alternate 
Function 


PO.O/ADO- 
PO.7/ AD7 
Multiplexed 
Address/Data 
for External Memory 


P1.0/T2 
Timer 2 External Clock Input/Clock-Out 


P1.1/T2EX 
Timer 2 Reload/Capture/Direction 
Control 


P1.2/ECI 
PCA External Clock Input 


P1.3/CEXO-P1.7/CEX4 
PCA Capture 
Input, Compare/PWM 
Output 


P2.0/ A8-P2.7 
/ A 15 
High Byte of Address 
for External 
Memory 


P3.0/RXD 
Serial Port Input 


P3.1/TXD 
Serial Port Output 


P3.2/INTO 
External Interrupt 
0 


P3.3/INT1 
External Interrupt 
1 


P3.4/TO 
Timer 0 External Clock Input 


P3.5/T1 
Timer 1 External Clock Input 


P3.6/WR 
Write Strobe for External 
Memory 


P3.7/RD 
Read Strobe for External Memory 


P4.0/SEPCLK 
Clock Source for Serial Expansion 
Port 


P4.1/SEPDAT 
Data I/O for the Serial Expansion 
Port 


P4.2/ECI1 
PCA1 External Clock Input 


P4.3/C1 EXO-P4.7 /C1 EX4 
PCA 1 Capture 
Input, Compare/PWM 
Output 


P5.2/INT2-P5.6/INT6 
External Interrupt 
INT2-INT6 


RST: Reset input. A low on this pin for two machine 
cycles 
while 
the oscillator 
is running 
resets 
the de- 
vice. The port pins will be driven to their reset condi- 
tion 
when 
a voltage 
below 
VIL 
max voltage 
is ap- 


plied, 
whether 
the 
oscillator 
is running 
or not. 
An 
internal 
pullup resistor 
permits 
a power-on 
reset with 
only a capacitor 
connected 
to Vss. 


ALE/PROG: 
Address 
Latch Enable output pulse for 
latching 
the low byte of the address during accesses 
to external 
memory. 
This 
pin (ALE/PROG) 
is also 
the program 
pulse input during programming 
of the 
87C51GB. 


In normal 
operation 
ALE 
is emitted 
at a constant 


rate of % the oscillator 
frequency, 
and may be used 
for external 
timing or clocking 
purposes. 
Note, how- 


ever, that one ALE pulse is skipped 
during each ac- 
cess to external 
Data Memory. 


If desired, 
ALE operation 
can be disabled 
by setting 
bit 0 of SFR location 
8EH. With the bit set, ALE is 
active only during a MOVX instruction. 
Otherwise 
the 
pin is weakly 
pulled high. 


Throughout 
the 
remainder 
of this data 
sheet, 
ALE 
will refer to the signal coming 
out of the ALE/PROG 


pin, and the pin will be referred to as the ALE/PROG 
pin. 


PSEN: Program 
Store 
Enable 
is the read strobe 
to 
external 
Program 
Memory. 


When the 8XC51GB 
is executing 
code from external 


Program Memory, 
PSEN is activated 
twice each ma- 


chine 
cycle, 
except 
that two 
PSEN activations 
are 
skipped 
during each aCCeSSto external 
Data Memo- 
ry. 


EA/Vpp: 
External 
Access 
enable. 
EA 
must 
be 
strapped 
to Vss in order 
to enable 
the 
device 
to 
fetch code from external 
Program 
Memory 
locations 
OOOOHto 1FFFH. Note, however, 
that if either of the 
Program 
Lock bits are programmed, 
EA will be inter- 
nally latched 
on reset. 


EA should 
be strapped 
to VCC for internal 
program 
executions. 


This pin also receives 
the 12.75V programming 
sup- 


ply voltage 
(Vpp) during programming 
(OTP only). 


XT AL2: 
Output 
from the inverting 
oscillator 
amplifi- 


er. 


The 8XC51GB 
AID 
converter 
has a resolution 
of 8 
bits and an accuracy 
of ± 1 LSB (± 2 LSB for chan- 
nels 0 and 1). The conversion 
time for a single chan- 
nel is 20 /Ls at a clock frequency 
of 16 MHz with the 
sample 
and 
hold 
function 
included. 
Independent 
supply voltages 
are provided 
for the A/D. 
Also, the 
A/D 
operates 
both in Normal 
Mode or in Idle Mode. 


The AID 
has 8 analog input pins; ACHO (AID CHan- 
nel 0) ... 
ACH7, 
1 reference 
input pin; COMPREF 
(COMParison 
REFerence), 
1 control 
input pin; TRI- 


GIN (TRIGger 
IN), and 2 power 
pins; AVREF 
(Volt- 
age 
REFerence) 
and 
analog 
ground 
(ANalog 
GrouND). 
In addition, 
the A/D 
has 8 conversion 
re- 
sult registers; 
ADRESO (AID result for channel 
0) ... 
ADRES7, 
1 comparison 
result register; 
ACMP (Ana- 
log Comparison), 
and 1 control 
register; ACON (AID 
Control). 


The 
control 
bit ACE 
(AID 
Conversion 
Enable) 
in 
ACON 
controls 
whether 
the A/D 
is in operation 
or 
not. ACE = 0 idles the AID. 
ACE = 1 enables 
AID 
conversion. 
The control 
bit AIM (A/D 
Input mode) in 
ACON controls 
the mode of channel 
selection. 
AIM 
= 0 is the Scan 
Mode, and AIM = 
1 is the Select 
Mode. The result registers 
ADRES4 
... 
ADRES7 
al- 
ways contain 
the result of a conversion 
from the cor- 
responding 
channels 
ACH4 
... 
CH7. However, 
the 
result registers 
ADRESO ... 
ADRES3 
depend on the 
mode selected. 
In the scan mode, ADRESO ... 
AD- 
RES3 contain 
the values 
from 
ACHO ... 
ACH3. 
In 
the Select Mode, one of the four channels 
ACHO ... 
ACH3 
is converted 
four times, 
and the four values 
are stored sequentially 
in locations 
ADRESO ... 
AD- 
RES3. 
Its channel 
is selected 
by bits 
ACS1 
and 
ACSO (AID 
Channel 
Select 
1 and 0) in ACON. 


The Programmable 
Counter Arrays (PCA-PCA 
1) are 
each made up of a Counter 
Module 
and five Regis- 
ter/Comparator 
Modules 
as 
shown 
below. 
The 


16-bit output of the counter 
module is available 
to all 
five 
Register/Comparator 
Modules, 
providing 
one 
common 
timing reference. 
Each Register/Compara- 
tor Module is associated 
with a pin of Port 1 or Port 4 
and is capable 
of performing 
input 
capture, 
output 
compare 
and pulse width modulation 
functions. 
The 
PCAs are exactly the same in function 
except for the 
addition 
of clock 
input sources 
on PCA 1. 


The 
PCA 
Counter 
and 
five 
Register/Comparator 
Modules 
each 
have 
a 
status 
bit 
in 
the 
CCON/ 
C1CON 
Special 
Function 
Registers. 
These 
six 
status bits are set according 
to the selected 
modes 
of operation 
described 
below. 
The CCON/C1 
CON 
Register 
provides 
a convenient 
means to determine 


which of the six PCAIPCA 1 interrupts 
has occurred. 
The EC Bit in the IE (Interrupt 
Enable) Special 
Func- 
tion Register 
is a global interrupt 
enable for the peA. 


P 1. 7 /P4. 
7 +----+ 
REG/COIo4 1040DULE4 
(CEX4)/(C 
1EX4) 
P1.6/P4.6 
+----+ 
REG/COIo4 1040DULE3 
(CEX3)/(C 
1EX3) 
P1.5/P4.5 
+----+ 
REG/COIo4 1040DULE2 
(CEX2)/(C 
1EX2) 
P1.4/P4.4 
+----+ 
REG/COIo4 MODULE 1 
(CEX1)/(C1EX1) 
P1.3/P4.3 
+----+ 
REG/COIo4 MODULE 0 
(CEXO)/(C 
1EXO) 


XTAL 1 and XTAL2 are the input and output, 
respec- 
tively, of an inverting 
amplifier 
which 
can be config- 
ured for use as an on-chip 
oscillator, 
as shown 
in 
Figure 4. Either a quartz crystal or ceramic 
resonator 
may be used. More detailed 
information 
concerning 
the use of the on-chip 
oscillator 
is available 
in Appli- 
cation 
Note 
AP-155, 
"Oscillators 
for 
Microcontrol- 
lers," 
Order 
No. 230659. 


To drive the device 
from 
an external 
clock 
source, 
XTAL 
should 
be 
driven, 
while 
XTAL2 
floats, 
as 
shown in Figure 5. There are no requirements 
on the 
duty cycle of the external 
clock 
signal, since the in- 
put to the internal 
clocking 
circuitry 
is through 
a di- 
vide-by-two 
flip-flop, 
but 
minimum 
and 
maximum 
high and low times specified 
on the data sheet must 
be observed. 


C1, C2 = 30 pF ± 10 pF for Crystals 
For Ceramic 
Resonators 
contact 
resonator 
manufacturer. 


• 


EXTERNAL 
OSCILLATOR 
SIGNAL 


The user's software 
can invoke the Idle Mode. When 
the microcontroller 
is in this mode, power consump- 
tion is reduced. 
The Special 
Function 
Registers 
and 
the onboard 
RAM retain their values during idle, pe- 


ripherals 
continue 
to 
operate, 
but 
the 
processor 
stops executing 
instructions. 
Idle Mode will be exited 
if the chip is reset or if an enabled 
interrupt 
occurs. 
The 
PCA timer/counter 
can optionally 
be left run- 


ning 
or paused 
during 
Idle 
Mode. 
The 
Watchdog 
Timer continues 
to count 
in Idle Mode and must be 
serviced 
to prevent 
a device 
RESET while in Idle. 


To save even more power, a Power Down mode can 
be invoked 
by software. 
In this mode, the oscillator 


is stopped 
and the instruction 
that 
invoked 
Power 
Down 
is the last instruction 
executed. 
The on-chip 
RAM and Special 
Function 
Registers 
retain their val- 
ues until the Power Down mode is terminated. 


On the 8XC51 GB either a hardware 
reset or an ex- 
ternal interrupt 
can cause an exit from Power Down. 


Reset 
redefines 
all the SFRs 
but does 
not change 
the on-chip 
RAM. An external 
interrupt 
does not re- 
define 
the SFR's 
or change 
the on-chip 
RAM. 
An 
external 
interrupt 
will modify the interrupt 
associated 
SFR's 
in the same wayan 
interrupt 
will in all other 


modes. 
The interrupt 
must be enabled 
and config- 


ured as level sensitive. 
To properly 
terminate 
Power 
Down 
the reset or external 
interrupt 
should 
not be 
executed 
before 
VCC is restored 
to its normal 
oper- 
ating level. The reset or external 
interrupt 
must be 
held active 
long enough 
for the oscillator 
to restart 


and stabilize. 
The Oscillator 
Fail Detect 
must be dis- 


abled prior to entering 
Power Down. 


• 
When the idle mode is terminated 
by a hardware 
reset, the device 
normally 
resumes 
program 
exe- 
cution, 
from where 
it left off, up to two machine 
cycles 
before 
the internal 
reset 
algorithm 
takes 
control. 
On-chip hardware 
inhibits access to inter- 


nal RAM in this event, but access to the port pins 
is not inhibited. 
To eliminate 
the possibility 
of an 
unexpected 
write when 
Idle is terminated 
by re- 
set, the instruction 
following 
the one that invokes 
Idle should not be one that writes to a port pin or 
to external 
memory. 


• 
As RESET rises, the 8XC51GB 
will remain 
in re- 


set for up to 5 machine 
cycles 
(60 oscillator 
peri- 
ods) after RESET reaches 
VIH1. 


The ONCE ("On-Circuit 
Emulation") 
Mode facilitates 
testing 
and 
debugging 
of 
systems 
using 
the 
8XC51GB 
without 
removing 
it from 
the circuit. 
The 
ONCE Mode is invoked 
by: 


1) Pulling ALE low while the device 
is in reset and 
PSEN is high; 


2) Holding 
ALE low as RESET is deactivated. 


While the device 
is in ONCE 
Mode, the Port 0 pins 
float, and the other port pins and ALE and PSEN are 
weakly pulled high. The oscillator 
circuit remains 
ac- 


tive. While the 8XC51GB 
is in this mode, an emula- 


tor or test CPU can be used to drive the circuit. 
Nor- 


mal operation 
is restored 
when a normal reset is ap- 


plied. 


Mode 
Program 
ALE 
PSEN 
PORTO 
PORn 
PORT2 
PORT3 
Memory 


Idle 
Internal 
1 
1 
Data 
Data 
Data 
Data 
Idle 
External 
1 
1 
Float 
Data 
Address 
Data 
Power Down 
Internal 
0 
0 
Data 
Data 
Data 
Data 
Power Down 
External 
0 
0 
Float 
Data 
Data 
Data 


NOTE: 
For more detailed 
information 
on the reduced 
power 
modes 
refer to current 
Embedded 
Microcontrollers 
and 
Processors 
Handbook 
Volume 
I (Order 
No. 
270645), 
and 
Application 
Note 
AP-252 
(Embedded 
Applications 
Handbook, 
Order 
No. 270648), 
"Designing 
with the 80C51 BH." 


The 8XC51GB 
contains 
a dedicated 
Watchdog 
Tim- 
er (WDT) to allow recovery 
from a software 
or hard- 
ware 
upset. 
The WDT consists 
of a 14-bit counter 
which 
is cleared 
on Reset, 
and subsequently 
incre- 
mented 
every machine 
cycle. While the oscillator 
is 
running, 
the WDT will be incrementing 
and cannot 
be disabled. 
The 
counter 
may be reset 
by writing 
1EH and E1 H in sequence 
to the WDTRST 
Special 
Function 
Register. 
If the counter 
is not reset before 
it reaches 
3FFFH 
(163830), 
the chip will be forced 
into a reset sequence 
by the WDT. This works out to 
12.28 ms @ 16 MHz. WDTRST 
is a write only regis- 
ter. The WDT does 
not force 
the external 
reset pin 
low. 


While 
in Idle mode the WDT continues 
to count. 
If 
the user does not wish to exit Idle with a reset, then 
the 
processor 
must 
be periodically 
"woken 
up" 
to 
service 
the WDT. 
In Power 
Down 
mode, 
the WDT 
stops counting 
and holds its current 
value. 


The Serial Expansion 
Port is a half-duplex 
synchro- 
nous serial interface 
with the following 
features: 


Four Clock 
Frequencies- 
XTAL/12, 
24, 48, 96. 


Four 
Interface 
Modes- 
High/Low/Falling/Rising 
Edges. 


Interrupt 
Driven. 


The Oscillator 
Fail Detect 
circuitry 
triggers 
a reset if 
the oscillator 
frequency 
is lower than the OFD trig- 


ger frequency. 
It can be disabled 
by software 
by writ- 
ing E1 H followed 
by 1EH to the OFDCON 
register. 


Before going into Power Down Mode, the OFD must 
be disabled 
or it will 
force 
the 
GB 
out 
of 
Power 
Down. The OFD has the following 
features. 


OFD 
Trigger 
Frequency: 
Below 
20 
KHz, 
the 
8XC51GB 
will be held in reset. Above 400 KHz, 
the 8XC51 GB will not be held is reset. 


Functions 
in Normal 
and Idle Modes. 


Reactivated 
by Reset 
(or External 
Interrupt 
Ze- 
ro/One 
Pins) after Software 
Disable . 


The Intel EXPRESS 
products 
are designed 
to meet 
the needs of those applications 
whose operating 
re- 
quirements 
exceed 
commercial 
standards. 


With 
the 
commercial 
standard 
temperature 
range, 


operational 
characteristics 
are guaranteed 
over the 
temperature 
range 
of O·C to + 70·C. 
With 
the 
ex- 
tended 
temperature 
range option, 
operational 
char- 
acteristics 
are guaranteed 
over the range of - 40·C 
to + 85·C. The 87C51 GB EXPRESS 
is packaged 
in 
the 68-lead 
PLCC package. 
In order to designate 
a 
part as an EXPRESS part, a "T" 
is added as a prefix 
to the 
part 
number. 
TN87C51GB 
denotes 
an EX- 
PRESS part in a PLCC package. 


All AC and DC parameters 
in this data sheet apply to 
the EXPRESS 
devices. 


• 


Ambient 
Temperature 
under Bias 
.... 
O·C to + 70·C 


Storage Temperature 
- 65·C to + 150·C 


Voltage 
on EAlVpp 
Pin to Vss 
OV to + 13.0V· 


IOL per I/O Pin 
15 mA 


Voltage 
on Any Other 
Pin to Vss 
- 0.5V to + 6.5V 


Power Dissipation 
1.5W 
(Based on Package 
heat transfer 
limitations, 
not de- 
vice power consumption) 


·OTP only. 
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NOTICE: This data sheet contains preliminary infor- 
mation on new products in production. The specifica- 
tions are subject to change without notice. Verify with 
your local Intel Sales office that you have the latest 
data sheet before finalizing a design. 


• WARNING: Stressing the device beyond the "Absolute 
Maximum 
Ratings" 
may 
cause permanent 
damage. 


These are stress ratings 
only. Operation 
beyond 
the 


"Operating 
Conditions" 
is not recommended 
and ex- 


tended 
exposure 
beyond 
the 
"Operating 
Conditions" 


may affect device reliability. 


- 
Symbol 
Description 
Min 
Max 
Units 


TA 
Ambient 
Temperature 
Under Bias 
Commercial 
0 
+70 
·C 


Express 
-40 
+85 
·C 


Vcc 
Supply Voltage 
4.0 
6.0 
V 


fosc 
Oscillator 
Frequency 
8XC51GB 
3.5 
12 
MHz 
8XC51GB-1 
3.5 
16 
MHz 


Symbol 
Parameter 
Mln 
Typ(1) 
Max 
Unit 
Test Conditions 


VIL 
Input Low Voltage 
-0.5 
0.2 Vcc 
- 
0.1 
V 
(except 
Port 2 and EA) 


VIL1 
Input Low Voltage 
-0.5 
0.2Vcc 
- 
0.3 
V 
(Port 2) 


VIL2 
Input Low Voltage 
0 
0.2 Vcc 
- 
0.3 
V 
(EA) 


VIH 
Input High Voltage 
0.2Vcc 
+ 0.9 
Vcc 
+ 0.5 
V 
(except XTAL 1 and RST) 


VIHl 
Input High Voltage 
0.7 Vcc 
Vcc 
+ 0.5 
V 
(XTAL 1, RST) 


VOL 
Output Low Voltage 
0.3 
V 
IOL = 100 IJ-A(2,3) 


(Ports 1, 2, 3, 4 and 5) 
0.45 
V 
IOL = 1.6 mA (2,3) 


1.0 
V 
IOL = 3.5 mA (2,3) 


VOL1 
Output Low Voltage 
0.3 
V 
IOL = 200 IJ-A(2,3) 


(Port 0, PSEN, ALE) 
0.45 
V 
IOL = 3.2 mA (2,3) 


1.0 
V 
IOL = 7.0 mA (2,3) 
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Symbol 
Parameter 
Mln 
Typ(1) 
Max 
Unit 
Test Conditions 


VOH 
Output High Voltage 
VCC - 
0.3 
V 
IOH = -10 
IJ-A(4) 


(Ports 1, 2, 3, 4 and 5, 
VCC - 
0.7 
V 
IOH = -30 
IJ-A(4) 


ALE, PSEN) 


Vcc-1.5 
V 
IOH = -60 
IJ-A(4) 


VOH1 
Output High Voltage 
VCC - 
0.3 
V 
IOH = -200 
IJ-A 


(Port 0 in External 
VCC - 
0.7 
V 
IOH = -3.2 
mA 
Bus Mode) 
Vcc 
- 
1.5 
V 
IOH = -7.0 
mA 


IlL 
Logical 0 Input Current 
-50 
IJ-A 
VIN = 0.45V 
(Ports 1, 2, 3, 4, 5) 


ITL 
Logical 1-to-0 Transition 
-650 
IJ-A 
VIN = 2.0V 
Current (Ports 1, 2, 3, 4, 5) 


III 
Input Leakage Current 
±10 
IJ-A 
0.45 < VIN < VCC 


(Port 0) 


RRST 
RST Pullup Resistor 
50 
300 
ko. 


CIO 
Pin Capacitance 
10 
pF 
Freq = 1 MHz 
TA = 25°C 


Ipo 
Power Down Current 
50 
IJ-A 
(5) 


IOL 
Idle Mode Current 
18 
mA 
(5) 


ICC 
Operating 
Current @16 MHz 
50 
mA 
(5) 


IREF 
AID 
Converter 
Reference 
5 
mA 
Current 


NOTES: 
1. Typical values are obtained using Vcc = 5.0V, TA = 25°C, and are not guaranteed. 
2. Under steady state (non-transient) conditions, IOLmust be externally limited as follows: 


Maximum IOLper Port Pin: 
10 mA 


Maximum IOLper 8-Bit Port- 
Port 0: 
26 mA 
Ports 1-5: 
15 mA 
Maximum TotallOL for All Outputs Pins: 101 mA 


If IOLexceeds the test conditions, VOL may exceed theJelated specification. Pins are not guaranteed to sink current 
greater than the listed test conditions. 
3. Capacitive loading on Ports 0 and 2 may cause spurious noise pulses above O.4V on the low level outputs of ALE and 
Ports 1, 2 and 3. The noise is due to external bus capacitance discharging into the Port 0 and Port 2 pins when these pins 
change from 1 to O.In applications where capacitive loading exceeds 100 pF, the noise pulses on these signals may exceed 
0.8V. It may be desirable to qualify ALE or other signals with a Schmitt Trigger, or CMOS-level input logic. 
4. Capacitive loading on Ports 0 and 2 cause the VOHon ALE and ~ 
to drop below the 0.9 Vcc specification when the 
address lines are stabilizing. 
5. See Figures 6-10 for test conditions. Minimum Vcc for Power Oown is 2V. 


• 


272337-7 
All other 
pins disconnected. 
TCLCH 
= TCHCL 
= 5 ns 


IDLE 


BMHz 


Figure 7. Ice Test Condition, 
Active 
Mode 
ICC Max at other 
frequencies 
is given by: 
Active 
Mode 
Icc 
Max = (Osc Freq x 3) + 4 
Idle Mode 
Icc 
Max = (Osc Freq x 0.5) + 4 
Where 
Osc Freq is in MHz, Icc is in mA. TCLCH = TCHCL = 5 ns 


vcc 


Vcc 
PO 


CLOCK 
(NC) 
XTAL2 
SIGNAL ----+ 
XTAL 1 
Vss 


Figure 9. Ice Test Condition, 
Power Down Mode 
Vee = 2.0V to 5.5V 


VCC-0.5 
• - - - - -- 
0.7 Vcc 
0.45V 
0.2 Vcc-O.l 


TCHCL 


• 
.L 
I 
~ft't'TTllng 
symOol nas 5 characters. 
The first char- 
acter 
is always 
a "T" 
(stands 
for time). 
The other 
characters, 
depending 
on their 
positions, 
stand 
for 
the 
name 
of a signal 
or the 
logical 
status 
of that 
signal. The following 
is a list of all the characters 
and 
what they stand for: 


A: Address 


C: Clock 


D: Input Data 


H: Logic Level HIGH 


I: Instruction 
(Program 
Memory 
Contents) 


AC SPECIFICATIONS 
Over Operating 
Conditions, 
Load Capacitance 
on Port 0, ALE, and PSEN = 100 pF, Load Capacitance 
on all 
other outputs 
= 80 pF 


Q: Output 
Data 


R: RD Signal 


T: Time 


V: Valid 


W: 
WR Signal 


X: No Longer a Valid Logic Level 


Z: 
Float 


For Example: 


TAVLL = 
Time from Address 
Valid to ALE Low 


TLLPL 
= Time from ALE Low to PSEN Low 


Symbol 
12 MHzOse. 
Variable 
Ose. 
Parameter 
Units 
Mln 
Max 
Min 
Max 


1/TCLCL 
Osc. Freq. 
3.5 
16 
MHz 


TLHLL 
ALE Pulse Width 
127 
2TCLCL 
- 
40 
ns 


TAVLL 
AD DR Valid to ALE Low 
43 
TCLCL 
- 
40 
ns 


TLLAX 
ADDR Hold after ALE Low 
53 
TCLCL 
- 
30 
ns 


TLLlV 
ALE Low to Valid Inst. IN 
234 
4TCLCL 
- 
100 
ns 


TLLPL 
ALE LOW to PSEN LOW 
53 
TCLCL 
- 
30 
ns 


TPLPH 
PSEN Pulse Width 
205 
3TCLCL 
- 
45 
ns 


TPLIV 
PSEN Low to Valid Instr In 
145 
3TCLCL 
- 
105 
ns 


TPXIX 
Input Instr. Hold after PSEN 
0 
0 
ns 


TPXIZ 
Input Instr. Float after PSEN 
59 
TCLCL 
- 
25 
ns 


TAVIV 
ADDR to Valid Instr. In 
312 
5TCLCL 
- 
105 
ns 


TPLAZ 
PSEN Low to ADDR Float 
10 
10 
ns 


TRLRH 
RD Pulse Width 
400 
6TCLCL 
- 
100 
ns 


TWLWH 
WR Pulse Width 
400 
6TCLCL 
- 
100 
ns 


TRLDV 
RD Low to Valid Data In 
252 
5TCLCL 
- 
165 
ns 


TRHDX 
Data Hold after RD 
0 
0 
ns 


TRHDZ 
Data Float after RD 
107 
2TCLCL 
- 
60 
ns 


TLLDV 
ALE Low to Valid Data In 
517 
8TCLCL 
- 
150 
ns 


TAVDV 
ADDR to Valid Data In 
585 
9TCLCL 
- 
165 
ns 


TLLWL 
ALE Low to RD or WR Low 
200 
300 
3TCLCL 
- 
50 
3TCLCL + 50 
ns 


TAVWL 
ADDR Valid to RD or WR Low 
203 
4TCLCL 
- 
130 
ns 


TQVWX 
Data Valid to WR Transition 
33 
TCLCL 
- 
50 
ns 


TWHQX 
Data Hold after WR 
33 
TCLCL 
- 
50 
ns 


TQVWH 
Data Valid to WR High 
433 
7 TCLCL 
- 
150 
ns 


TRLAZ 
RD Low to Addr Float 
0 
0 
ns 


TWHLH 
RD or WR High to ALE High 
43 
123 
TCLCL 
- 
40 
TCLCL + 40 
ns 


• 


TLLDV 
'I 


TRLRH 


TAVDV 


P2.0-P2.7 
OR A8-A15 
FROM DPH 
A8-A 
15 
FROM PCH 


272337-12 


A8-A 
15 
FROM PCH 


272337-13 
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SERIAL 
PORT TIMING-SHIFT 
REGISTER 
MODE 
Test Conditions: 
Over Operating 
Conditions, 
Load Capacitance 
= 80 pF 


12 MHz 
Variable 


Symbol 
Parameter 
Oscillator 
Oscillator 
Units 


Mln 
Max 
Mln 
Max 


TXLXL 
Serial Port Clock 
1 
12TCLCL 
/Ls 
Cycle Time 


TOVXH 
Output Data Setup to 
700 
10TCLCL 
- 
133 
ns 
Clock Rising Edge 


TXHOX 
Output Data Hold after 
50 
2TCLCL 
- 
117 
ns 
Clock Rising Edge 


TXHDX 
Input Data Hold after 
0 
0 
ns 
Clock Rising Edge 


TXHDV 
Clock Rising Edge to 
700 
10TCLCL 
- 
133 
ns 
Input Data Valid 


-1 rTXHOX 


~I 
o 
I 
1 
I 
2 


J 


--1rTXHDX 


TXHDV C 


VAUD 
AUO 
AlID 


t 
SET 
RI 


272337-14 


Symbol 
Parameter 
Mln 
Max 
Units 


1/TCLCL 
Oscillator 
Frequency 
3.5 
16 
MHz 


TCHCX 
High Time 
20 
ns 


TCLCX 
Low Time 
20 
ns 


TCLCH 
Rise Time 
20 
ns 


TCHCL 
Fall Time 
20 
ns 
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SEP AC TIMING 
SPECIFICATIONS 
Test Conditions: 
Over Operating 
Conditions, 
Load Capacitance 
=. 80 pF 


12 MHz 
Variable 


Symbol 
Parameter 
Oscillator 
Oscillator 
Units 


Min 
Max 
Min 
Max 


TXSXL 
SEPCLK Cycle Time 
1 
12 TCLCL 
/Ls 


TXSST 
Output Data Setup to SEPCLK 
435 
6 TCLCL 
- 
65 
ns 


TXSOH 
Output Data Hold after SEPCLK 
445 
6 TCLCL 
- 
55 
ns 


TXSIH 
Input Data Hold after SEPCLK 
210 
2 TCLCL + 43 
ns 
Sampling 
Edge 


TXSDV 
Input Data Valid to SEPCLK 
947 
12 TCLCL 
- 
53 
ns 
Sampling 
Edge 


-j 
r TXSXL 


SEPCLK 
I""1..SL..JL ..;..n.. 


1 
···..A_} 


I 
I 
I 
-l 
r;TXSDV 
I 
H I- TXSIH 


~ 
ljSB 
·····9 


LSB 


v -o.s=>< 
>C 


CC 
0.2 
VCC+0.9 


0.2 
VCC-O.l 
0.45V 
---------- 


AC inputs during testing are driven at Vcc-0.5V 
for a Logic 
"1" and 0.5V for a Logic "0". Timing measurements are 
made at VIH for a Logic "1" and VOL max for a Logic "0". 


The absolute 
conversion 
accuracy 
is dependent 
on 
the accuracy 
of AVREF. The specifications 
given be- 
low assume 
adherence 
to the Operating 
Conditions 
section 
of 
this 
data 
sheet. 
Testing 
is 
done 
at 
AVREF = 5.12V, and Vcc 
= 5.0V. 


VLOAO+O.l 
V 
vOWO.1 
V 
v 
LOAO 


..••........T1hlING 
REFERENCE 
_ 


....-- 
POINTS 
•••......•• 


VLOAO-O.l 
V 
VOL +0.1 
V 
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For timing purposes a port pin is no longer floating 
when a 100 mV change from load voltage occurs, 
and begins to float when a 100 mV change from 
the loaded VOH/VOLlevel occurs. IOL/IOH ;;, ±20 
mA. 


OPERATING 
CONDITIONS 


Vcc 
.4.0Vt06.0V 
• 


AVREF 
.4.5V to 5.5V 


Vss, AVss 
....•............................. 
OV 


ACHO-7 
AVsstoVREF 


TA 
O·C to + 70·C Ambient 


FOSC (STD Version) 
3.5 MHz to 12 MHz 


FOSC (-1 Version) 
3.5 MHz to 16 MHz 


Parameter 
Mln 
Typ' 
Max 
Units" 
Notes 


Resolution 
256 
256 
Levels 
8 
8 
Bits 


Absolute 
Error (Ch 2-7) 
0 
±1 
LSB 


Absolute 
Error (Ch 0 and 1) 
0 
±2 
LSB 


Full Scale Error 
±1 
LSB 


Zero Offset Error 
±1 
LSB 


Non-Linearity 
0 
±1 
LSB 


Differential 
Non-Linearity 
0 
±1 
LSB 


Channel-to-Channel 
Matching 
0 
±1 
LSB 


Repeatability 
±O.25 
LSB 


Parameter 
Mln 
Typ· 
Max 
Units·· 
Notes 


Temperature 
Coefficients: 


Offset 
0.003 
LSBrC 
Full Scale 
0.003 
LSBrC 
Differential 
Non-Linearity 
0.003 
LSBrC 


Input Capacitance 
3 
pF 


Off Isolation 
-60 
dB 
(8,9) 


Feedthrough 
-60 
dB 
(8) 


VCC Power Supply Rejection 
-60 
dB 
(8) 


Input Resistance 
to 
750 
1.2K 
n 
Sample-and-Hold 
Capacitor 


DC Input Leakage 
0 
3.0 
,.,.A 


NOTES: 
'These 
values 
are expected 
for most parts at 2S'C 


"AN 
"LSB" 
as used here. has a value of approximately 
20 mY. 


8. DC to 100 KHz 
9. Multiplexer 
Break-Before-Make 
Guaranteed. 


10. There 
is no indication 
when a single AID 
conversion 
is complete. 
Please refer to the 8XCS1GB 
Hardware 
Description 
on 


how to read a single AID 
conversion. 


11. TCY = 12 TCLCL 


AID Conversion Time 
Notes 


Per Channel 
I 
26 TCY 
(10, 11) 


8 Conversions 
I 
208 TCY 
(11) 


The part must 
be running 
with a 4 MHz to 6 MHz 
oscillator. 
The 
address 
of 
a 
location 
to 
be 
pro- 
grammed 
is applied 
to address 
lines while the code 
byte to be programmed 
in that location 
is applied 
to 
data lines. Control and program 
signals must be held 
at the levels 
indicated 
in Table 2. Normally 
EAlVpp 
is held at logic ~h 
until just before ALE/PROG 
is to 
be pulsed. The EAlVpp 
is raised to Vpp, ALE/PROG 
is pulsed low and then EAlVpp 
is returned 
to a high 
(also refer to timing diagrams). 


NOTE: 
Exceeding 
the 
Vpp 
maximum 
for 
any 
amount 
of 
time 
could 
damage 
the 
device 
permanently. 
The 
Vpp 
source 
must 
be 
well 
regulated 
and 
free 
of 
glitches. 


ADDRESS 
LINES: 
P1.0-P1.7, 
P2.0-P2.4, 
respec- 
tively for AO-A 12. 


DATA 
LINES: 
PO.0-PO.7 
for 00-07. 


CONTROL 
SIGNALS: 
RST, PSEN, P2.6, P2.7. P3.3, 
P3.6, P3.7 


PROGRAM 
SIGNALS: 
ALE/PROG. 
EAlVpp 


Vcc 
13 


65-68, 
1-4 


PGM DATA 


EA/Vpp 
56 


ALE/PROG 
55 


PSEN 
54 


64 
P2.7 


63 
P2.6 


38 
P3.7 


37 
P3.6 


34 
P3.3 


RST 
3D 


} 
PROGRAM 
SIGNALS 


Figure 
11. Programming 
the OTP 


Table 
2. OTP Programming 
Modes 
-- I- 
ALE/ 
EAI 
Mode 
RST 
PSEN 
PROG 
Vpp 
P2.6 
P2.7 
P3.3 
P3.6 
P3.7 


Program Code Data 
L 
L 
L.r 
12.75V 
L 
H 
H 
H 
H 


Verify Code Data 
L 
L 
H 
H 
L 
L 
L 
H 
H 


Program Encryption 
L 
L 
L.r 
12.75V 
L 
H 
H 
L 
H 
Array Address 
0-3FH 


Program 
Lock 
Bit 1 
L 
L 
L.r 
12.75V 
H 
H 
H 
H 
H 
Bits 
Bit 2 
L 
L 
L.r 
12.75V 
H 
H 
H 
L 
L 


Bit 3 
L 
L 
L.r 
12.75V 
H 
L 
H 
H 
L 


Read Signature 
Byte 
L 
H 
H 
H 
L 
L 
L 
L 
L 
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Refer to Table 2 and Figures 11 and 12 for address, 
data, 
and 
control 
signals 
set 
up. To program 
the 
87C51 GB 
the 
following 
sequence 
must 
be 
exer- 
cised. 


1. Input the valid address 
on the address 
lines. 


2. Input the appropriate 
data byte on the data lines. 


3. Activate 
the correct 
combination 
of control 
sig- 
nals. 


4. 
Raise EAlVpp 
from VCC to 12.75V 
±O.25V. 


5. Pulse ALE/PROG 
5 times for the OTP array, and 
25 times 
for the 
encryption 
table 
and 
the 
lock 
bits. 


Repeat 
1 through 
5 changing 
the address 
and data 


for the entire array or until the end of the object file is 
reached. 


Program 
verify may be done after each byte that is 


programmed, 
or after 
a block 
of bytes 
that 
is pro- 


grammed. 
In either 
case 
a complete 
verify 
of the 


array will ensure 
that it has been programmed 
cor- 


rectly. 


The lock bits cannot 
be directly 
verified. 
Verification 


of the lock bits is done by observing 
that their fea- 


tures are enabled. 
Refer to the Program 
Lock sec- 


tion in this data sheet. 


ADDRESS X 


13 
BITS 


DATA 
X 
8 
BITS 


CONTROL 
X 
7 BITS 
SIGNALS 


EA/Vpp 


12.75V ..J 


5V 
TGLGH 


ALE/PROG 


____ 
X 
______ 
X 
______ 
X 
'- 


ROM and EPROM Lock System 


The 87C51GB 
and the 83C51GB 
program 
lock sys- 
tems, when programmed, 
protect 
the on-board 
pro- 
gram against 
software 
piracy. 


The 83C51 GB has a one-level 
program 
lock system 
and a 64-byte 
encryption 
table. 
See line 2 of Table 
3. If program 
protection 
is desired, 
the user submits 
the 
encryption 
table 
with their 
code, 
and both 
the 
lock bit and encryption 
array are programmed 
by the 
factory. 
The encryption 
array is not available 
without 
the lock bit. For the lock bit to be programmed, 
the 
user must submit an encryption 
table. 


The 
87C51GB 
has a 3-level 
program 
lock 
system 
and 
a 64-byte 
encryption 
array. 
Since 
this 
is an 
EPROM 
device, 
all locations 
are user programma- 
ble. See Table 3. 


Within 
the programmable 
array are 64 bytes of En- 
cryption 
Array 
that 
are 
initially 
unprogrammed 
(all 
1's). Every 
time that 
a byte is addressed 
during 
a 
verify, 
5 address 
lines are used to select 
a byte of 
the 
Encryption 
Array. 
This 
byte 
is then 
exclusive- 
NOR'ed 
(XNOR) with the code byte, creating 
an En- 
cryption 
Verify byte. The algorithm, 
with the array in 
the 
unprogrammed 
state 
(all 
1's), 
will 
return 
the 
code 
in its original, 
unmodified 
form. 
For program- 
ming the Encryption 
Array, refer to Table 2. 


When using the encryption 
array feature, 
one Impor- 
tant factor 
needs 
to be considered. 
If a code byte 
has the value OFFH, verification 
of the byte will pro- 
duce the encryption 
byte value. If a large block (>64 
bytes) 
of code 
is left unprogrammed, 
a verification 
routine 
will display 
the 
contents 
of the 
encryption 
array. 
For this 
reason 
it is strongly 
recommended 
that 
all 
unused 
code 
bytes 
be 
programmed 
with 
some value other than OFFH, and not all of them the 
same value. This practice 
will ensure 
the maximum 
possible 
program 
protection. 


Program Lock Bits 


The 
87C51 GB has 3 programmable 
lock 
bits that 
when programmed 
according 
to Table 3 will provide 
different 
levels 
of protection 
for the 
on-chip 
code 
2 


and 
data. 
The 
83C51GB 
has 
1 program 
lock 
bit. 


See line 2 of Table 3. 


Reading the Signature 
Bytes 


The 
8XC51GB 
has 3 signature 
bytes 
in locations 
30H, 31 H, and 60H. To read these 
bytes follow 
the 
procedure 
for verify, 
but activate 
the 
control 
lines 
provided 
in Table 2 for Read Signature 
Byte. 


Location 
Contents 


87C51GB 
83C51GB 


30H 
89H 
89H 


31H 
58H 
58H 


60H 
EBH 
EBH/6BH 


'Program 
Lock Bits 
Protection 
Type 
LB1 
LB2 
LB3 


1 
U 
U 
U 
No Program Lock features 
enabled. 
(Code verify will 
still be encrypted 
by the Encryption 
Array If 
programmed). 


2 
P 
U 
U 
MOVC instructions 
executed 
from external 
program 
memory are disabled 
from fetching 
code bytes from 
internal memory, 
EA is sampled 
and latched on 
Reset, and further programming 
of the EPROM is 
disabled. 


3 
P 
P 
U 
Same as 2, also verify is disabled. 


4 
P 
P 
P 
Same as 3, also external 
execution 
is disabled. 


OTP PROGRAMMING 
AND VERIFICATION 
CHARACTERISTICS 
(TA = 21°C to 27"C; Vcc = 5V ± 20%; 
VSS = OV) 


Symbol 
Parameter 
Min 
Max 
Units 


Vpp 
Programming 
Supply Voltage 
12.5 
13.0 
V 


Ipp 
Programming 
Supply Current 
75 
mA 


1/TCLCL 
Oscillator 
Frequency 
4 
6 
MHz 


TAVGL 
Address 
Setup to PROG Low 
48TCLCL 


TGHAX 
Address 
Hold after PROG 
48TCLCL 


TDVGL 
Data Setup to PROG Low 
48TCLCL 


TGHDX 
Data Hold after PROG 
48TCLCL 


.TEHSH 
(Enable) High to Vpp 
48TCLCL 


TSHGL 
Vpp Setup to PROG Low 
10 
1J.s 


TGHSL 
Vpp Hold after PROG 
10 
1J.s 


TGLGH 
PROGWidth 
90 
110 
1J.s 


TAVQV 
Address 
to Data Valid 
48TCLCL 


TELQV 
ENABLE 
Low to Data Valid 
48TCLCL 


TEHQZ 
Data Float after ENABLE 
0 
48TCLCL 


TGHGL 
PROG High to PROG Low 
10 
1J.s 


CONTROL 


SIGNALS 


Absolute 
Error-The 
maximum 
difference 
between 
corresponding 
actual and ideal code transitions. 
Ab- 
solute 
Error accounts 
for all deviations 
of an actual 
converter 
from an ideal converter. 


Actual Characteristic-The 
characteristic 
of an ac- 
tual converter. 
The characteristic 
of a given convert- 
er may vary over temperature, 
supply 
voltage, 
and. 
frequency 
conditions. 
An actual characteristic 
rarely 
has ideal first 
and last transition 
locations 
or ideal 
code widths. 
It may even vary over multiple 
conver- 
sions under the same conditions. 


Break-Before-Make- 
The property 
of a multiplexer 
which guarantees 
that a previously 
selected 
channel 
will be deselected 
before a new channel 
is selected 
(e.g., the converter 
will not short inputs together). 


Channel-to-Channel 
Matching-The 
difference 
be- 
tween corresponding 
code transitions 
of actual char- 
acteristics 
taken 
from 
different 
channels 
under 
the 
same 
temperature, 
voltage 
and 
frequency 
condi- 
tions. 


Characteristic-A 
graph of input voltage versus the 
resultant 
output 
code 
for an AID 
converter. 
It de- 
scribes 
the transfer 
function 
of the AID 
converter. 


Code 
Center-The 
voltage 
corresponding 
to the 
midpoint 
between 
two adjacent 
code transitions. 


Code Transition-The 
point at which the converter 
changes 
from an output code of Q, to a code of Q + 
1. The input voltage 
corresponding 
to a code 
tran- 
sition 
is defined 
to be that voltage 
which 
is equally 
likely to produce 
either of two adjacent 
codes. 


Code Width-The 
voltage 
corresponding 
to the dif- 
ference 
between 
two adjacent 
code transitions. 


DC 
Input 
Leakage-Leakage 
current 
to 
ground 
from an analog 
input pin. 


Differential 
Non-Linearity- 
The 
difference 
be- 
tween the ideal and actual code widths of the termi- 
nal based characteristic. 


Feedthrough-Attenuation 
of a voltage 
applied 
on 
the selected 
channel 
of the AID 
Converter 
after the 
sample 
window 
closes. 


Full Scale Error-The 
difference 
between 
the ex- 
pected 
and 
actual 
input 
voltage 
corresponding 
to 
the full scale code transition. 
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code transition 
at VIN = 0.5 LSB, its last code tran- 
sition 
at VIN = 
(VREF - 
1.5 LSB) 
and 
all code 
widths 
equal to one LSB. 


Input Resistance-The 
effective 
series 
resistance 
from the analog 
input pin to the sample 
capacitor. 


LSB-Least 
Significant 
Bit-The 
voltage 
corre- 
sponding 
to the 
full 
scale 
voltage 
divided 
by 2n, 
where 
n is the number 
of bits of resolution 
of the 
converter. 
For an 8-bit 
converter 
with 
a reference 
voltage 
of 5.12V, one LSB is 20 mY. Note that this is 
different 
than 
digital 
LSBs 
since 
an uncertainty 
of 
two 
LSBs, 
when 
referring 
to 
an 
AID 
converter, 
equals 40 mY. (This has been confused 
with an un- 
certainty 
of two digital 
bits, which 
would 
mean four 
counts, 
or 80 mY). 


Monotonic-The 
property 
of 
successive 
approxi- 
mation converters 
which guarantees 
that increasing 
input voltages 
produce 
adjacent 
codes of increasing 
value, 
and that 
decreasing 
input voltages 
produce 
adjacent 
codes 
of decreasing 
value. 


No 
Missed 
Codes-For 
each 
and 
every 
output 
code, 
there 
exists 
a 
unique 
input 
voltage 
range 
which 
produces 
that code only. 


Non-Linearity- 
The 
maximum 
deviation 
of 
code 
transitions 
of the terminal 
based characteristic 
from 
the corresponding 
code transitions 
of the ideal char- 
acteristic. 


Off-Isolation-Attenuation 
of a voltage 
applied on a 
deselected 
channel 
of the AID 
converter. 
(Also re- 
ferred to as Crosstalk.) 


Repeatability-The 
difference 
between 
corre- 
sponding 
code transitions 
from different 
actual char- 
acteristics 
taken 
from 
the 
same 
converter 
on the 
same channel 
at the same temperature, 
voltage 
and 
frequency 
conditions. 


Resolution-The 
number 
of 
input 
voltage 
levels 
that 
the 
converter 
can 
unambiguously 
distinguish 
between. 
Also defines 
the number 
of useful 
bits of 
information 
which the converter 
can return. 


Sample Delay-The 
delay from 
receiving 
the start 
conversion 
signal 
to 
when 
the 
sample 
window 
opens. 


Sample 
Delay 
Uncertainty-The 
variation 
in the 
sample 
delay. 


Sample Time-The 
time that the sample 
window 
is 
open. 


Sample 
Time 
Unsertainty- 
The 
variation 
in the 
sample 
time. 


• 


Sample 
Window-Begins 
when the sample capaci- 
tor is attached 
to a selected 
channel 
and ends when 
the sample 
capacitor 
is disconnected 
from 
the se- 
lected 
channel. 


Successive 
Approximation-An 
AID 
conversion 
method 
which 
uses a binary search 
to arrive at the 
best digital representation 
of an analog 
input. 


Temperature 
Coefficients-Change 
in the stated 
variable 
per 
degree 
centrigrade 
temperature 
change. 
Temperature 
coefficients 
are added 
to the 
typical 
values 
of a specification 
to see the effect 
of 
temperature 
drift. 


Terminal 
Based 
Characteristic-An 
actual charac- 
teristic 
which 
has been rotated 
and translated 
to re- 
move zero offset 
and full scale error. 


Vcc 
Rejection-Attenuation 
of 
noise 
on the 
Vee 
line to the AID 
converter. 


Zero 
Offset-The 
difference 
between 
the expected 
and actual 
input 
voltage 
corresponding 
to the first 
code transition. 


The 
following 
differences 
exist 
between 
this data- 
sheet and the previous 
version 
(270869-003): 


1. Merged 
87C51 GB Express 
(270889-001). 


2. New order number 
272337-001. 


The following 
differences 
exist between 
the 270869- 
003 data sheet 
and the previous 
version 
(270869- 
002): 


1. Changed 
data sheet status from "Advance 
Infor- 
mation" 
to "Preliminary" 
and updated 
associated 
notices. 


2. Added 
83C51 GB throughout. 


3. Added 
Package 
and Process 
Information. 


4. Clarified 
± 2 LSB accuracy 
for channels 
0 and .1 
in AID 
Converter 
Section. 


5. Added 
"ROM 
and EPROM Lock System" 
section 
and 
added 
83C51 GB 
to 
"Program 
Lock 
Bits" 
section. 


6. Modified 
Signature 
Bytes Table. 


The 
following 
differences 
exist 
between 
the 
270869-002 
data 
sheet 
and 
the 
previous 
version 
(270869-001 ): 


1. Changed 
data 
sheet 
status 
from 
"Product 
Pre- 
view" 
to "Advance 
Information" 
and updated 
as- 


sociated 
notices. 


2. Asynchronous 
port 
reset 
was added 
to RESET 
pin description. 


.3. 
ALE disable paragraph 
was added to ALE pin de- 
scription. 


4. C1• C2 guidelines 
clarified 
in Figure 4. 


5. Operating 
Conditions 
heading 
was added. 


6. Maximum 
IOL per liD pin was added to Absolute 


Maximum 
Ratings. 


7. VT +. VT -. 
VHYS. VOL2, and VTL removed. 


8. VOL value for ALE included 
with You. 


9. VIL 1 and VIL2 added. 


10. RRST 
minimum 
changed 
from 
40K 
to 
50K. 


RRST maximum 
changed 
from 225K to 300K. 


11. 
IpO maximum 
changed 
from 200 p.A to 50 p.A. 


12. 
IOL maximum 
changed 
from 15 mA to 18 mA. 


13. Typical 
values 
for 
Ipo. 
IOL. Ice. 
and 
IREF re- 


moved. 


14. Note 3 (page 9) was reworded. 


15. SEP AC Timings 
added. 


16. 
AID 
Absolute 
Error 
for 
Channels 
0 
and 
1 
changed 
to ± 2 LSB. 


17. Tey clarified. 


18. 
Encryption 
array paragraph 
was added. 


19. Corrected 
pin numbers 
on Figure 
11 to reflect 
PLCC package. 
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Did you know that you could implement Pc function- 
ality using the Intel MCS-5l family of microcontrol- 
lers? The PC-bus allows the designer to implement in- 
telligent application-oriented 
control circuits without 
encountering numerous interfacing problems. This bus 
simplicity is maintained by being structured 
for eco- 
nomical, efficient and versatile serial communication. 
Proven Pc applications are currently being implement- 
ed in digital control/signal processing circuits for audio 
and video systems, DTMF generators for telephones 
with tone dialing and ACCESS.bus, a lower-cost alter- 
native for the RS-232C interface used for connecting 
peripherals to a host computer. 


This application note describes a software emulation 
implementation of the PC-bus Master-Slave configura- 
tion using Intel MCS-51 microcontrollers. It is recom- 
mended that the reader become familiar with the Phil- 
lips Semiconductors PC-bus Specification and the Intel 
MCS-51 Architecture. However, it is possible to gain a 
basic understanding of the PC-bus and the Pc 
emula- 
tion software from this application note. 


The Inter-Integrated 
Circuit Bus commonly known as 
the PC-bus is a bi-directional two-wire serial communi- 
cation standard. It is designed primarily for simple but 
efficient integrated circuit (IC) control. The system is 
comprised of two bus lines, SCL (Serial Clock) and 
SDA (Serial Data) that carry information between the 
ICs connected to them. Various communication config- 
urations may be designed using this bus; however, this 
application note discusses only the Master-Slave system 
implementation. 


PO.6 
SCL 


PO.7 
SOA 


EA 


Devices connected to the PC-bus system can operate as 
Masters and Slaves. The Master device controls bus 
communications 
by initiating/terminating 
transfers, 
sending information 
and generating the Pc 
system 
clock. On the other hand, the Slave device waits to be 
addressed by the controlling Master. Upon being ad- 
dressed, the Slave performs the specific function re- 
quested. An example of this configuration is a Master 
Controller sending display data to a LED Slave Receiv- 
er that would then output the requested display. 


The configuration described above is the most com- 
mon; however, at times the Slave can become a Trans- 
mitter and the Master a Receiver. For example, the 
Master may request information from an addressed 
Slave. This requires the Master to receive data from the 
Slave. It is important to understand that even during 
2 


Master Receive/Slave Transmission, the generation of 
clock signals on the Pc bus is always the responsibility 
of the Master. As a result, all events on the bus must be 
synchronized with the Master's SCL clock line. 


Both SCL (Serial Clock) and SDA (Serial Data) are bi- 
directional lines that are connected to a positive supply 
voltage via pull-up resistors. Figure I displays a typical 
PC-bus configuration. Devices connected to the bus re- 
quire open-drain or open-collector output stage inter- 
faces. As a result of these interfaces, the resistors pull 
both lines HIGH when the bus is free. The free state is 
defined as SDA and SCL HIGH when the bus is not in 
use. 


Positive 
Voltage 
Supply 


One important 
bus characteristic 
enabled as a result of 
this hardware 
configuration 
is the wired-AND 
func- 
tion. Similar to the logic AND truth table, when driven 
by connected 
ICs, PC-bus 
lines will not indicate 
the 
HIGH 
state until all devices verify that they too have 
achieved the same HIGH 
state. An PC-bus 
system re- 
lies on wired-AND 
functionality 
to maintain 
appropri- 
ate clock synchronization 
and to communicate 
effec- 
tively with extremely 
high and low speed devices. As a 
result, a relatively 
slow Pc 
device can extend the sys- 
tem clock until it is ready to accept more data. 


This section will explain a complete 
Pc 
data transfer 
emphasizing 
data validity, information 
types, byte for- 
mats, 
and 
acknowledgment. 
Figure 
2-1 displays 
the 
typical Pc 
protocol data transfer frame. The important 
frame components 
are the START/STOP 
conditions, 
Slave Address, 
and Data with Acknowledgment. 
This 
frame structure 
remains constallt except for the number 
of data 
bytes transferred 
and the transmission 
direc- 
tion. 
It can be seen that 
all functionality 
except 
Ac- 
knowledgment 
is generated 
by the Master 
and current 


transmitter. 
Figure 2-2 displays a more detailed 
repre- 


sentation 
focusing on specific timing sequences of con- 
trol signals and data transfers. 


~ 
= ~aster Transmitter 
c::::::J = 
Slave 
Receiver 


R = 
Read 
W = Writ. 


S = 
STA.RT 
Condition 
P = STOP 
Condition 


A = ACKnowledge 
A = 
Not 
ACKnowledge 


Figure 
3 shows the bit transfer 
protocol 
that must be 


maintained 
on the PC-bus. 
The data on the SDA line 


must be stable during 
the HIGH 
period 
of the SCL 
clock. 
The 
HIGH 
or LOW 
state 
of SDA 
can 
only 


change when the clock signal on the SCL is LOW. In 
addition, these bus lines must meet required setup, hold 
and rise/fall 
times prescribed 
in the timing section of 
the Pc 
protocol 
specifications. 


r--, 
h; r·······v---\ 
1\ r·····v---\ 
1\ r····y---y-"\ 
;r: 
SDA: 
'+--J 
A..-....l-..J 
\L 
A..-....l-..J \L 
~ 
: 


I 
I 
I 
I 
I 
I 
I 
I 
SCL""ii'\ 
I~=;~~=;~~=;~ 
: 
s 
: \......J 
I 
P 
I 


"sTART" 
I 
I 
l-J 
L---J I 
IL--J I 
IL--J 
L STOP" 


Condition 
ADDRESS 
R/W 
ACK 
OATA 
ACK 
OATA 
ACK 
Condition 


272319-20 


SCL I \-' I 


SDA_/ __ 
i X 
i 
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Data 
Valid 
during 
Data 
Changs 
Allowed 
SCL HIGH 
durin9 
SCL LOW 


START 
and STOP 
conditions 
are used to signal the 
beginning 
and end of data communications. 
A Master 
generates a START 
condition 
(S) to obtain control of a 
free PC-bus 
by forcing a HIGH 
to LOW transition 
on 
the SDA line while maintaining 
SCL in its HIGH 
state. 
This condition 
is generated 
during 
software emulation 
in 
the 
MASTER-CONTROLLER 
subroutine 
de- 


scribed 
in another 
section. 
Again, 
START 
conditions 
may be generated by a Master only when the PC-bus 
is 
free. This free bus state exists only when no other Mas- 
ter devices have control 
of the bus (i.e. both SCL and 
SDA lines are pulled to their normal 
HIGH 
state). 


Upon 
gaining 
control 
of the 
bus, 
the 
Master 
must 
transfer 
data across the system. After a complete 
data 
transfer, 
the Master must release the bus by generating 
a STOP (P) condition. 
The SEND_STOP 
subroutine 
described 
in a later section ends data communications 
by sending an Pc 
STOP. 


The Slave address and data being transferred 
across the 
bus must conform 
to specific byte formats. 
The only 
byte 
transmission 
requirement 
is that 
data 
must 
be 
transferred 
with its Most Significant 
Bit (MSB) first. 


However, 
the number 
of bytes that can be transmitted 
per transfer is unrestricted. 
For both Master Transmit! 


Receive, 
the MASTEIC-CONTROLLER 
subroutine 
described 
in a later section performs 
these functions. 


From Figure 4, it can be seen that the Slave address is 
one byte made up of a unique 7-bit address followed by 
a Read or Write data direction 
indicator 
bit. The Least 
Significant 
Bit (LSB) data direction 
indicator, 
always 
determines 
the direction 
of the message 
and type of 
transfer 
being requested 
by the Master~ither 
Slave 


Receive or Slave Transmit. 
If the Master 
requests 
the 
Slave Receive functionality, 
the LSB of the addressed 
Slave would 
be set to "0" 
for Write. 
Therefore, 
the 
Master 
would 
Transmit 
or Write 
information 
to the 
selected 
Slave. On the other 
hand, 
if the Master 
was 
requesting 
the Slave Transmit 
functionality, 
the LSB 
would be set to "I" for Read. As a result, the Master 
would 
Receive 
or Read 
information 
from 
the Slave. 
SEND_DATA 
and RECV_DATA 
subroutines 
de- 
scribed later send and receive data bytes across the bus. 


MSB 
I 


LSB 
I R/W I 


DDS 
Slave Address 


(7 bits Long) 


Slave Transmitter: LSB = 1 for Read Function 
Slave Receiver: 
LSB = 0 for Write Function 


When an address 
is sent from the controlling 
Master, 
each device in a system compares 
the first 7 bits after 
the START 
condition 
with its predefined 
unique Slave 
address. 
If they match, 
the device considers 
itself ad- 
dressed 
by the Master 
as either 
a Slave-Receiver 
or 


Slave-Transmitter, 
depending 
upon the data direction 
indicator. 
Due to the bus's 
serial configuration, 
only 
one device at a time may be addressed 
and communi- 
cated with at any given moment. 


To ensure 
valid and reliable 
PC-bus 
communication, 


an obligatory 
data transfer acknowledgment 
procedure 


was devised. 
Figure 
5 displays 
how acknowledgment, 
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not acknowledge 


\~ 


acknowledge 
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always affects the Master, Transmitter 
and Receiver. 


Mter every byte transfer, the Master must generate an 
acknowledge related clock pulse. In Figure I, this clock 
pulse is indicated as the 9th bit and labeled HACK". 
Following the 8th data bit transmission, 
the active 
Transmitter must immediately release the SDA line en- 
abling it to float HIGH. To receive another data byte, 
the Receiver must verify successful receipt of the previ- 
ous byte by generating an acknowledgment. An ac- 
knowledge condition is delivered when the Receiver 
drives SDA LOW so that it remains stable LOW dur- 
ing the HIGH 
period of the SCL ACK pulse. Con- 
versely, a not acknowledge condition is delivered when 
the Receiver leaves SDA HIGH. Set-up and hold times 
must always be taken into account and maintained 
for 
valid 
communications. 
SEND_BYTE 
and 
RECV_BYTE 
subroutines 
described later evaluate 
and/or generate acknowledgment conditions. 


The PC protocol requires open-drain device outputs to 
drive the bus. To satisfy this specification, Port 0 on the 
Intel MCS-51 device was chosen. By using open-drain 
Port 0, no additional hardware is required to success- 
fully interface to the PC-bus. However, since Port 0 is 
designated as the Pc interface, it can no longer be used 
to interface with External Program Memory. In order 
for a MCS-51 device to communication in this environ- 
ment, ASM51 software emulation modules were devel- 
oped. This software can only execute out of Internal 
Memory. Port 0 is now configured for Input/Output 
functionality. 


Figure 6 diagrams the necessary hardware connections 
of the development circuit. Internal Memory execution 
is accomplished by connecting the External 
Access 


(EA) DIP pin # 31 to Vcc. The capacitor attached to 
RESET DIP pin #9 implements POWER ON RESET. 
While the capacitors and crystal attached to XTALI&2 
enable the on-chip oscillator, additional decoupling ca- 
pacitors can be added to clean up any system nOIse. 
Additional MCS-51 information can be found in the 
1992 Intel Embedded Microcontrollers and Processors 
Handbook Volume 1. 
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C3 = 10 pF 


Figure 6. MCS-51 Hardware 
Requirements 


The ASM5l software emulation modules described in 
this 
application 
note 
will 
occupy 
approximately 
540 bytes of internal memory. The device's remaining 
memory may be programmed with user software. The 
following MCS-5l devices were tested for use in con- 
junction with the Pc 
emulation modules: 


MCS·51 
Crystal 
ROM I 
Register 
Devices 
Speeds 
EPROM 
RAM 
(MHz) 
Size 


8751BH 
12 
4K 
128 bytes 
87C51 
12,16,20 
4K 
128 bytes 
87C51-FX Core 
12,16,20,24 
4K 
128 bytes 
87C51FA 
12,16,20,24 
8K 
256 bytes 
87C51FB 
12,16,20,24 
16K 
256 bytes 
87C51FC 
12,16,20,24 
32K 
256 bytes 


NOTE: 
The Internalmemorysetup described above eliminatesthe 
option of using Port 0 to interface to External Memory. 
However,this requirementshould pose no problemfor the 
system designer due to the diverse MCS·51product line 
withvarious memorysizes offered by Intel. 


MCS-5112C Software 
Emulation 
Modules 


When devices like the MCS-5l do not incorporate an 
on-chip I2C port, Pc 
functionality can be achieved 
through 
software emulation. The following software 
modules are based upon three distinct tasks: bus moni- 
toring, time delays and bus control. Each task conforms 
to the Pc protocol as specified by Philips Semiconduc- 
tors. 


The software modules designed to implement Pc func- 
tionality are comprised of macros and subroutines, each 
independently 
developed, 
yet 
both 
networked 
to 
achieve a desired system function. For example, the use 
of macros was favored to implement certain timing de- 
lay loops. Macros are extremely flexible and can be 
changed to construct delays of varying lengths through- 
out the software. On the other hand, subroutines are 
verified routines that require no additional changes. To 
operate the bus at different frequencies, only the specif- 
ic macros must be changed, not the predefined subrou- 
tines. The following ASM5l macros and subroutines 
are for Master-Slave system control: 


Macro Names 
DELAY _3_CYCLES 
Functions 
Delay loop for X sec- 
onds where X 
= time 
per cycle· 
3 


Delay loop for X sec- 
onds where X = time 
per cycle· 
4 


DELAY_8_CYCLES 
Delay loop for X sec- 
onds where X = time 
per cycle • 8 
RELEASE_SCL_HIGH 
Releases the SCL line 
HIGH 
and 
waits 
for 
any clock stretching re- 
quests from peripheral 
devices 


Subroutine Names 
Functions 
MASTEIC-CONTROLLER 
Sends an Pc 
START 
condition and Slave Ad- 
dress 
during 
both 
a 
Master 
Transmit 
and 
Receive 


Sends 
multiple 
data 
bytes during 
a Master 
Transmit 
Sends one data byte line 
during a Master Trans- 
mit 
Sends a message across 
the Pc bus using a pre- 
defined format 
Receives multiple 
data 


bytes from an addressed 
Slave during a Master 
Receive 
Receives one data byte 
during a Master Receive 
Receives 
a 
message 
from the Pc 
bus using 
a predefined format 
Copies 
EPROM 
pro- 
grammed data into Reg- 
ister RAM 
Send an PC STOP con- 
dition 
during 
both 
a 
Master 
Transmit/Re- 
ceive 


These ASM51 modules are listed at the end of the ap- 
plication note in AppendIX A. 


• 


MCS-51 and 12C-Bus Compatible 
IC's 
System Implementation 


This section of the application note explains the Mas- 
ter/Slave system diagrammed in Figure 1. The Intel 
MCS-5l is the Master Controller communicating with 
two Pc 
Slave peripherals, the PCF8570 RAM chip 
and SAAI064 LED driver. Information related to com- 
municating with these specific Slave devices can be 
found in the 1992 Philips Pc 
Peripherals for Micro- 
controllers Handbook. 


The MCS-5l Pc Software Emulation Modules located 
in Appendix A are designed to demonstrate Master 
Controller functionality. 


As described above, the Intel 51 Master Controller 
transmits data to the RAM device, receivesit back and 
re-transmits it to the LED Slave driver. By using the 
SEND_MSG 
and RECV_MSG 
subroutines, both 
Master Transmit and Master Receive functionalities 
are demonstrated. Slave addresses used in these trans- 
fers are predefined values assignedby their manufactur- 
er. These values can be found in their respective data- 
books. 


An Pc 
Master Transmission consists of the following 
steps: 


I. Master polls the bus to see if free state exists 
2. Master generates a START condition on the bus 
3. Master broadcasts the SlaveAddress expectingan 
Acknowledge from the addressed Slave 
4. Master transmits data bytes expecting acknowl- 
edgment status followingeach byte 
5. Master generates a STOP condition and releases 
the bus 


An PC Master/Receive transaction consists of the ex- 
act same steps stated above EXCEPT: 
4. Master receivesdata bytes sending an ACK to the 
Slave Transmitter after receipt of each byte. The 
Master signals receipt of the last data byte by re- 
sponding with the NOT Acknowledge condition. 


Bus transmission and evaluation is achieved by a nested 
loop structure. SEND_DATA 
represents the outer 
loop 
which 
directs 
data 
transfers. 
The 
MASTER_CONTROLLER 
subroutine polls the bus 
to determine if any transactions are in progress. Error 
checking is performed at this level by evaluating the 
following 
status 
flags, 
BUS_FAULT 
and 
PC_BUSY. 
Based upon this information, the Master 
will either abort the transmit procedure or attempt to 
send information. If bus control is granted as indicated 


by cleared flags, the Master sends a START condition 
and the Slave address. On the other hand, if either flag 
is set, the transmit procedure is aborted. 


SEND_BYTE, 
the inner control loop, is responsible 
for transmitting 8 bits of each byte as well as monitor- 
ing Slave acknowledgment status. Each bit transfer 
from PC-bus lines checks for possibleserial wait states. 
Wait states occur when slower devicesneed to commu- 
nicate on the bus with faster devices. Due to the wired- 
AND bus function, a Receiver can hold the clock line 
SCL LOW forcing the Transmitter into this state. Data 
transfer may continue when the Receiver is ready for 
another byte of data as indicated by releasing the clock 
line SCL HIGH. 


As stated in its section above, acknowledgment is re- 
quired to continue sending data bytes across the bus. 
However, situations may arise when a Receiver can not 
receiveanother byte of data until it has performed some 
other function like servicing internal interrupts. If the 
Slave Receiver does not respond to a Master Transmit- 
ter data byte, not acknowledge could indicate that it is 
performing some real-time function that prevents it 
from responding to PC-bus communications. This situ- 
ation shows the flexibilityand versatility of the bus. 


The Master Receive process also utilizes the MAS- 
TER-CONTROLLER 
subroutine to gain control of 
the bus. When accepting data from the addressed Slave, 
in this case, RECV_DATA 
is the outer control loop. 
RECV_BYTE, 
the inner control loop, is responsible 
for receiving 8 bits of each byte as well as generating 
the Master's acknowledgment condition. Similar to 
transmission, successful receipt of each byte is con- 
firmed by driving SDA LOW so that it remains stable 
LOW during the HIGH period of the SCL ACK pulse. 
Therefore, the Master still drives both SCL and SDA 
linessince control of the system clock is its responsibili- 
ty. 


In both types of communication, Transmit/Receive, 
temporary RAM registers, BIT_CNT, 
BYTE_CNT, 
SLV_ADDR, 
and 
storage butTers, XMT_DAT, 


RCV_DAT, 
ALT_XMT, 
are integral parts of most 
subroutines because they are used for implementing the 
Pc protocol. Proper delays are implemented using the 
DELAY_X_CYCLES 
(X = any integer) macros. 


They give the designer flexibility to devise time delays 
of any required length to satisfy system requirements. 
For example, to achieve the maximum bus speeds de- 
scribed in the next section, Delay_X_Cycle 
macros 
were adjusted. 


Lastly, the TRANSFER subroutine is provided to al- 
low predefined communication data programmed in 
the microcontrollers EPROM to be transferred into 
Register RAM internal to the 51 device.It achievesthis 


when used in conjunction with the SEND_MSG 
and 
RECY _MSG 
subroutines. 
However, when utilizing 
TRANSFER, 
the designer must conform their design 


to existing device Register RAM availability and to the 
following message format: 


The ASM-51 program demonstrating a complete Mas- 
ter Controller system is listed at the end of the applica- 
tion note in Appendix B. It writes the numeric data 
that represents the following display "_FC" 
to an Fc 


compatible IC (PCF8570 RAM), reads the values back 
into a buffer and transmits this buffer out to the Philips 
Fc 
SAA1064 LED driver to display the sequence. 


As demonstrated above, the Intel MCS-51 product line 
can successfully implement the Fc 
Master Controller 


functionality while maintaining data integrity and reli- 
able performance. The system outlined in Figure I was 
evaluated for maximum bus performance and adher- 
ence to all FC-bus specifications. Performance charac- 
terization was conducted at various crystal speeds on 
all devices listed in the MCS-51 Hardware Require- 
ments section of this application note. 


When designing Fc 
software emulation systems, keep 


in mind that the designer has the flexibility to imple- 
ment large frequency ranges up to the FC-bus maxi- 
mum. However, by making software changes to adjust 
bus frequencies, the newly modified program may no 
longer meet required specifications and desired reliabil- 
ity standards. Therefore, designers should first always 
take into consideration the bus performance level they 
want to reach. After deciding this, an appropriate crys- 
tal can be chosen to achieve that implementation speed. 
The table below gives a few examples of system per- 
formance for two of the MCS-51 devices: 


MCS·51 
Crystal 
12C Bus 
Maximum 
Devices 
Speed 
Performance 


8751BH 
12 MHz 
66.7 kHz 
87C51 (FX-Core) 
24 MHz 
80.0 kHz 


As a result of this evaluation, Intel MCS-51 microcon- 
trollers can be successfully interfaced to an FC-bus sys- 
tem as a Master controller. The interface communicates 
by ASM51 software emulation modules that have been 
tested on a wide array of Fc devices ranging from seri- 
al RAMS, Displays and a DTMF generators. No com- 
patibility problems have been seen to date. Therefore, 
when considering the implementation of your next Fc- 
bus Master Controller serial communication 
system, 


you have the option of using the Intel MCS-51 Product 
Line. 


PCBITS.ASM, 
G. Goodhue, Philips Semiconductors, 


August 1992. 


The PC-Bus and How to Use It (Including Specifica- 
tion), Philips Semiconductors, January 1992. 


PC Peripheralsfor Microcontrollers, Philips Semicon- 
ductors, 1992 Data Handbook. 


OMI016 PC Evaluation Board, E. Rodgers and G. 
Moss, Philips Components 'Applications Lab Auck- 
land, New Zealand. 


Programming the Pc Interface, Mitchell Kahn, Senior 
Engineer, Intel Corporation. 


• 


The following ASM51 software emulation modules are used to develop I2C-bus 
functionality with Intel MCS-51 microcontrollers. 
They are described in detail in 
FaxBACK document #2175 and BBS document AP476.ZIP. 


Sabrina Quarles 
Intel Corporation 
EMD 8-Bit Applications Engineering 


SEND_STOP: 


CLR 
SDA]IN 
'!I>RELEASE_SCL_HIGH 
'!I>DELAY_3_CYCLES 
SETB 
SDA]IN 


CLR 
12C BUSY 
RET 


;Get SDA ready for stop. 
;Set clock for stop. 
;Delay. 
;Send 12C STOP. 
;Delay satisfied via software. 
;Clear 12C busy status. 
;Bus should now be released. 


This subroutine sends a message across the 12C bus using the 
information stored in the XMT_DAT Buffer in the following format: 


MOV SLV_ADDR, 
@RO 
INC RO 
MOV BYTE_CNT,@RO 
INC RO 
ACALL 
SEND 
DATA 
RET 


;Initializes 
Slave Address. 
;Next address. 
;Initializes 
BYTE_ CNT. 
;Next address. 
;Send Data. 
;Return 
from Subroutine. 


This subroutine 
sends an I2C START condition 
and Slave Address 
to 
begin 12C communications. 
• 


SDA = Receive/Transmit 
Data 
SCL = Generate/Control 
Clock Line 


Veri fication 
Issues before MASTER 
TRANSMIT 
• No Bus Fault = Bus Not Busy = SCL & SDA HIGH 


Issues during 
MASTER 
TRANSMIT 
• 
ACK Received 
after every Byte Transmission 


SUBROUTINES 
Used 
SEND 
BYTE 


SETB 
I2C BUSY 
CLR 
NO 
ACK 
CLR 
BUS 
FAULT 
JNB 
SCL_PIN, 
FAULT 
JNB 
SDA]IN. 
FAULT 
CLR 
SDA 
PIN 
%DELAY 
3 CYCLES 
CLR 
SCL 
PIN 
%DELA Y 3 CYCLES 
MOV 
A, SLV_ADDR 
ACALL 
SEND 
BYTE 
RET 


;Indicate 
that I2C frame is in progress. 


;Clear error status flags. 


;Begin I2C start. 
;Delay. 
;Complete 
I2C START. 
;Delay. 
;Get slave address. 
;Send slave address. 


FAULT: 


SETB 
BUS 
FAULT 
RET 


;Set fault status. 
; and return. 


• 


This subroutine 
sends 1 byte of information 
located in the ACCumulator 


ACC = Byte to be Transmitted 


Verification 
Issues 
.• ACK Received 
after transmission 
of Byte 


SEND_BYTE: 


MOV 
BIT_CNT, 
#8 


SB LOOP: 
RLC 
A 
MOV 
SDA]IN, 
C 
%RELEASE_SCL_HIGH 
%DELA Y 3 CYCLES 


;Send one data bit. 
;Put data bit on pin. 
;Drive SCL HIGH. 
;Delay. 


CLR 
SCL]IN 
%DELAY_3_CYCLES 
DJNZ 
BIT_CNT,SB_LOOP 


;Clear SCL. 
;Delay. 
;Repeat 
until all bits sent. 


SETB 
SDA 
PIN 
%RELEASE 
SCL 
HIGH 
%DELA Y 4 CYCLES 
JNB 
SDA]IN, 
SB_EX 
SETB 
NO_ACK 


;Release data line for acknowledge. 
;Send clock for acknowledge. 
;Delay. 
;Check for valid acknowledge 
bit. 


;Set status for no acknowledge. 


SB EX: 
CLR 
SCL]IN 
%DELAY_3_CYCLES 
RET 


;Finish 
acknowledge 
bit. 


;Delay. 
;Retum. 


This subroutine 
transmits 
multiple 
data bytes over the SDA line. 
The following 
locations 
must be initialized 
before the transmission. 


BYTE _ CNTR 
= # of bytes to be transmitted 
SLV _ADDR 
= Slave Address 
@RO 
= Data to be Transmitted 
- includes 
any additional 
subaddresses, 
control, 
etc 


specific 
to certain devices 


SUBROUTINES 
Used 
MASTER 
XMlT 
SEND 
BYTE 
SEND 
BYTE 


SEND_DATA: 


ACALL 
MASTER_CONTROLLER 
1B 
NO _ ACK,SDEX 
SD LOOP: 


MOV 
A,@RO 
ACALL 
SEND_BYTE 
INC 
RO 
1B 
NO_ACK,SDEX 
D1NZ 
BYTE_CNT, 
SD_LOOP 


ACALL 
SEND 
STOP 
RET 


;Acquire 
bus and send slave address. 
;Check for slave not responding. 


;Get data byte from buffer. 
;Send next data byte. 
;Advance 
buffer pointer. 


;Check 
for slave not responding. 
;AII bytes sent? 


;Done, 
send an 12C stop. 
:Return. 


This subroutine 
copies data from the EPROM 
referenced 
by DPTR 
into a 
Buffer referenced 
by R I. 


DPTR 
= String stored into EPROM 
R I = Buffer in which data shall be stored 


TRANSFER: 


CLRA 


MOVC 
A, @A+DPTR 
MOV@RI,A 
INCRI 
INC DPTR 
CLRA 


MOVC 
A, @A+DPTR 
MOV@RI,A 
MOVRO, 
A 
INCRI 
INC DPTR 
CLRA 


MOVC 
A, @A+DPTR 
DEC RO 
MOV@RI,A 
INCRI 
INC DPTR 
CLRA 
C1NE RO, #0, NEXT 
RET 


;Moves contents 
of DPTR 
into A. 
;Copies 
A into Buffer. 


;Next address. 
;Next location. 
;Clears 
ACC. 


;Moves contents 
of DPTR 
into A. 


;Copies 
A into Buffer. 


;Copies 
A into RO (# of bytes). 
;Next address. 
;Nextlocation. 
;Clears 
A. 


;Moves contents 
of DPTR 
into A. 
;Decrease # of remaining 
bytes. 


;Copies 
A into Buffer. 


;Next address. 
;Next location. 
;Clears A. 
,Compare 
# of bytes remaining. 
;If all bytes copied, 
return. 


• 


This subroutine 
receives 
a message from the 12C bus using SLV _ADDR 
and BYTE_CNT 
as indicators 
as to what Slave will be sending 
info and 
how many bytes to expect to receive, 
and places the data into the 
RCV _DAT 
buffer. 
The RCV _DAT 
Buffer is configured 
to receive a max. 8 bytes. 


RECV 
MSG: 
MOV SLV_ADDR,@Rl 
INC Rl 
MOV BYTE_CNT, 
@Rl 
ACALL 
RCV 
DATA 
RET 


;Moves 
SLV _ADDR 
from Buffer RO points to. 
;Next buffer location. 
;Moves 
BYTE_CNT 
value into memory 
location. 
;Calls RCV _DATA 
Subroutine. 


;Retums 
from Receive Msg subroutine. 


This subroutine 
receives 
a byte from an addressed 
12C slave 
device and places into the ACC register. 


RECV 
BYTE: 
MOV 
BIT_CNT,1/8 
RB_LOOP: 


%RELEASE _SCL _HIGH 
%DELA Y 3 CYCLES 
MOV 
C, 
SDA]IN 
RLC 
A 
CLR 
SCL 
PIN 
%DELA Y 3 CYCLES 
D1NZ 
BIT_CNT, 
RB_LOOP 


;Read one data bit. 
;Delay. 
;Get data bit from pin. 
;Rotate bit into result byte. 
;Clear SCL pin. 
;Delay. 
;Repeat until all bits received. 


PUSH 
MOV 
ONE 
SETB 
SlMP 
RB ACK: 
CLR 
SDA 
PIN 
RB ACLK: 


%RELEASE 
SCL 
HIGH 
POP 
ACC 


%DELA Y 3 CYCLES 
CLR 
SCL 
PIN 
SETB 
SDA 
PIN 
%DELA Y 4 CYCLES 
RET 


ACC 
A, BYTE_CNT 
A, 1/1, RB_ACK 
SDA 
PIN 
RB ACLK 


;Save accumulator. 
;Copies byte count into A. 
;Check for last byte of frame. 
:Send no acknowledge 
on last byte. 


;No ACK on last byte; jump to RB_ACLK. 


;Send acknowledge 
clock. 
;Restore accumulator. 
;Delay. 
;Clear SCL pin. 
;Clear acknowledge 
bit. 


;Delay. 
;Return 
from RECV _BYTE. 


This subroutine 
receives 
multiple 
data bytes from an addressed 
12C slave device into the buffer pointed 
to by RO. 


BYTE _ CNT = # of bytes to be received 
SLV 
ADDR 
= Slave addres 


SUBROUTINES 
Used 
MASTER_XMIT 
RCV 
BYTE 


Note: 
To receive with a subaddress, 
use SEND _DATA 
to set the 
subaddress 
first (no provision 
for repeated start). 


RCV 
DATA: 
INC 
SLV 
ADDR 
ACALL 
MASTER 
CONTROLLER 
JB 
NO_ACK,RDEX 


RDLoop: 


ACALL 
RECV _BYTE 
MOV 
@RO,A 
INC 
RO 
DJNZ 
BYTE_CNT,RDLoop 


ACALL 
SEND 
STOP 
RET 


;Set for READ of slave. 
;Acquire 
bus and send slave address. 
;Check for slave not responding. 


;Recieve 
next data byte. 


;Save data byte in buffer. 
;Advance 
buffer pointer. 


;Repeat untill all bytes received. 


;Done, 
send an I2C stop. 


;Retum 
from RCV _DAT A Subroutine. 


-------- 
INTEL CORPORATION 
-------------- 
---------12C 
MACROS 
--------------- 


These macros are to be used in conjunction 
with the 12CDEMO.ASM 
ASM5l 
program 
that implements 
the 12C Master Controller 
functionality. 


Sabrina 
Quarles 
Intel Corporation 
EMD 8-Bit Applications 
Engineering 


• 


NUP 
NOP 
) 


%*DEFINE(Delay 
_3 _Cycles)( 
NOP 
NOP 
NOP 
) 


%*DEFINE(Delay 
_4_ Cycles)( 
NOP 
NOP 
NOP 
NOP 
) 


%*DEFINE(Delay 
_5_Cycles)( 
NOP 
NOP 
NOP 
NOP 
NOP 
) 


%*DEFINE(Delay 
_6_ Cycles)( 
NOP 
NOP 
NOP 
NOP 
NOP 
NOP 
) 


%*DEFlNE(Delay 
_7 _ Cvcles)( 
NOP 
NOP 
NOP 
NOP 
NOP 
NOP 
NOP 
) 


• - ~op· 


Nap 
Nap 
Nap 
Nap 
Nap 
Nap 
Nap 
) 


%*DEFlNE(Release_SCL_High)( 


SETB 
SCL_Pm 


1NB 
SCL Pin, $ 


) 
• 


intel~ 


$TITLE(lNTEL_I2C 
_SOFTW ARE EMULATION_MASTER 
CONTROLLER) 
$INCLUDE(A:MACRO.PDF) 


This ASM5I program demonstrates 12C Bus communication between 
the Intel MCS-51 product line and I2C compatible ICs located on the Philips 
OMI016 
12C Evaluation Board. 


This program writes the numeric data that represents the following display· _12C· 
to an 12C compatible IC (PCF8570 RAM), reads the values back into a buffer and 
transmits this buffer out to the Philips 12C SAA1064 LED driver to display the sequence. 


Sabrina Quarles 
Intel Corporation 
EMD 8-Bit Applications Engineering 
December 21, 1992 


12C_RAM 
12C_IO 
12C_LED 


;Slave address for PCF8570 RAM chip. 
;Slave address for PCF8574 I/O expandor. 
;Slave address for SAAI064 LED driver. 


EQU 
EQU 
EQU 


OAEh 
4Eh 
76h 


BIT CNT 
DATA 
8h 
BYTE CNT 
DATA 
9h 
SLV_ADDR 
DATA 
OAh 


XMT_DAT 
DATA 
OCh 
RCV DAT 
DATA 
18h 
ALT XMT 
DATA 
20h 


FLAGS 
DATA 
28h 
NO_ACK 
BIT 
FLAGS.O 
BUS_FAULT 
BIT 
FLAGS. 1 
12C BUSY 
BIT 
FLAGS.2 


;Bit counter for I2C routines. 
;Byte counter for 12C routines.' 
;Slave address for I2C routines. 


;12C trdnsmit buffer, 12 bytes max. 
;I2C receive buffer, 8 bytes max. 
;Altemate I2C transmit buffer, 8 bytes max. 


;Location for bit flags. 
;12C no acknowledge flag. 
;I2C bus fault flag. 
;I2C busy flag. 


intel~ 


SINK 
SCL PIN 
SDA PIN 


PO.O 
PO.6 
PO.? 


;Sink pin for oscope triggering. 
;I2C serial clock line. 
;I2C serial data line. 


ORG 
AJMP 
o 
I2C RESET 


SEND STOP: 


CLR 
SDA]IN 
%RELEASE SCL HIGH 
%DELAY_3_CYCLES 
SETB 
SDA PIN 


CLR 
I2C BUSY 
RET 


;Get SDA ready for stop. 
;Set clock for stop. 
;Delay. 
;Send I2C STOP. 
;Delay satisfied via software. 
;Clear I2C busy status. 
;Bus should now be released. 


This subroutine sends a message across the I2C bus using the 
information stored in the XMT_DAT Buffer in the following format: 


MOV SLY _ADDR, 
@RO 
INCRO 
MOV BYTE_CNT,@RO 
INCRO 
ACALL SEND_DATA 
RET 


;Intllalizes 
Slave Address. 
;Next address. 
;Initializes 
BYTE_ CNT. 
;Next address. 
;Send Data. 
;Return from Subroutine. 


This subroutine 
sends an 12C START condition 
and Slave Address to 
begin 12C communicattons. 


SDA = Receive/Transmit 
Data 
SCL = Generate/Control 
Clock Line 


Verification 
Issues before MASTER 
TRANSMIT 
•• No Bus Fault = Bus Not Busy = SCL & SDA HIGH 


Issues during MASTER TRANSMIT 
•• ACK Received after every Byte Transmission 


SUBROUTINES 
Used 
SEND 
BYTE 


SETB 
12C_BUSY 
CLR 
NO_ACK 
CLR 
BUS FAULT 
JNB 
SCL]IN, 
FAULT 
JNB 
SDA_PIN, 
FAULT 
CLR 
SDA 
PIN 
%DELAY 
3 CYCLES 
CLR 
SCL 
PIN 
%DELA Y 3 CYCLES 
MOV 
A, SLY _ADDR 
ACALL 
SEND 
BYTE 
RET 


;Indicate that 12C frame is in progress. 
;Clear error status flags. 


;Begin 12C start. 
;Delay. 
;Complete 
12C START. 
;Delay. 
;Get slave address. 
;Send slave address. 


FAULT: 


SETB 
BUS FAULT 
RET 


;Set fault status. 
; and return. 


i..,+_1,1:." '''f\l''''MII 


This subroutine 
sends I byte of information 
located in the ACCumulator 
ACC = Byte to be Transmitted 


Verification 
Issues 
.• ACK Received 
after transmission 
of Byte 


SEND_BYTE: 


MOV 
BIT_CNT, 
#8 


SB LOOP: 
RLC 
A 
MOV 
SDA_PIN, 
C 
%RELEASE_SCL_HIGH 
%DELAY_3_CYCLES 


;Send one data bit. 
;Put data bit on pin. 
;Drive SCL HIGH. 
;Delay. 


CLR 
SCL 
PIN 
%DELAY_3_CYCLES 
DJNZ 
BIT_CNT,SB_LOOP 


;Clear SCL. 
;Delay. 
;R.:peat until all bits sent. 


SETB 
SDA 
PIN 
%RELEASE 
SCL 
HIGH 
%DELAY_4_CYCLES 
JNB 
SDA_PIN, 
SB_EX 
SETB 
NO 
ACK 


;Release data line for acknowledge. 
;Send clock for acknowledge. 
;Delay. 
;Check for valid acknowledge 
bit. 


;S.:t status for no acknowledge. 


SB EX: 


CLR 
SCL 
PIN 
%DELAY 
3 CYCLES 
RET 


;Finish acknowledge 
bit. 


;Delay. 
;Retum. 


This subroutine 
transmits 
multiple 
data bytes over the SDA line. 


The following 
locations 
must be initialized 
before the transmission. 


BYTE _CNTR 
= # of bytes to be transmitted 
SLV _ADDR 
= Slave Address 
@RO 
= Data to be Transmitted 
- includes 
any additional 
subaddresses, 
control, 
etc 
specific to certain d.:vices 


SUBROUTINES 
Used 
MASTER 
XMIT 
SEND_BYTE 
SEND_BYTE 


• 


SEND 
DATA: 
ACALL 
MASTER_CONTROLLER 
JB 
NO_ACK,SDEX 
SD 
LOOP: 
MOV 
A,@RO 
ACALL 
SEND 
BYTE 
INC 
RO 
JB 
NO_ACK,SDEX 
DJNZ 
BYTE_CNT, 
SD_LOOP 


ACALL 
SEND 
STOP 
RET 


;Acquire 
bus and send slave address. 
;Check for slave not responding. 


;Get data byte from buffer. 
;Send next data byte. 
;Advance 
buffer pointer. 


;Check for slave not responding. 
;All bytes sent? 


;Done, 
send an 12C stop. 


;Return. 


This subroutine 
copies data from the EPROM 
referenced 
by DPTR 
into a 
Buffer referenced 
by R I. 


DPTR = String stored into EPROM 
R 1 = Buffer in which data shall be stored 


TRANSFER: 
CLRt\ 


MOVC 
A, @A+DPTR 
MOV@Rl,A 
INCRI 
INC DPTR 
CLR A 


MOVC 
A, @A+DPTR 
MOV@Rl,A 
MOV RO, A 
INCRI 
INC DPTR 
CLRA 


MOVC 
A, @A+DPTR 
DEC RO 
MOV@Rl,A 
INCRI 
INC DPTR 
CLRA 
CJNE RO, #0, NEXT 
RET 


;Moves contents 
of DPTR 
into A. 
;Copies 
A into Buffer. 
;Next address. 
;Next location. 
;Clears ACe. 


;Moves contents 
of DPTR 
into A. 


;Copies A into Buffer. 
;Copies A into RO (# of bytes). 
;Next address. 
;Next location. 
;Clears 
A. 


;Moves contents 
of DPTR 
into A. 


;Decrease 
# of remaining 
byles. 


;Copies A inlo Buffer. 
;Next address. 
;Next location. 
;Clears A. 
;Compare 
# of bytes remaining. 


;If all byles copied, 
return. 


intel~ 


This subroutine 
receives 
a message from the I2C bus using SLV _ADDR 
and BYTE_ CNT as indicators 
as to what Slave will be sending 
info and 
how many bytes to expect to receive, 
and places the data into the 
RCV _DAT 
buffer. 
The RCV _DAT 
Buffer is configured 
to receive a max. 8 bytes. 


RECV 
MSG: 
MOV SLV_ADDR,@RI 
INC RI 
MOV BYTE_CNT, 
@RI 
ACALL 
RCV_DATA 
RET 


;Moves 
SLV _ADDR 
from Buffer RO points to. 
;Next buffer location. 
;Moves 
BYTE_ CNT value into memory 
location. 
;Calls RCV _DATA 
Subroutine. 
;Retums 
from Receive Msg subroutine. 


This subroutine 
receives 
a byte from an addressed 
I2C slave 
device and places into the ACC register. 


RECV 
BYTE: 
MOV 
BIT_CNT,#8 
RB LOOP: 
%RELEASE 
SCL 
HIGH 
%DELA Y 3 CYCLES 
MOV 
C, 
SDA]IN 
RLC 
A 
CLR 
SCL 
PIN 
%DELA Y 3 CYCLES 
DJNZ 
BIT_CNT,.RB_LOOP 


;Read one data bit. 
;Delay. 
;Get data bit from pin. 
;Rotate bit into result byte. 
;Clear SCL pin. 
;Delay. 
;Repeat until all bits received. 


PUSH 
MOV 
CJNE 
SETB 
SJMP 
RB_ACK: 
CLR 
SDA 
PIN 
RB ACLK: 
%RELEASE _SCL _HIGH 
POP 
ACC 
%DELA Y 3 CYCLES 
CLR 
SCL]IN 
SETB 
SDA 
PIN 
%DELAY_4_CYCLES 
RET 


ACC 
A, BYTE_CNT 
A, #1, RB_ACK 
SDA 
PIN 
RB_ACLK 


;Save accumulator. 
;Copies byte count into A. 
;Check for last byte of frame. 
;Send no acknowledge 
on last byte. 
;No ACK on last byte; jump 
to RB_ACLK. 


;Send acknowledge 
clock. 


;Restore 
accumulator. 


;Delay. 
;Clear SCL pin. 
;Clear acknowledge 
bit. 


;Delay. 
;Retum 
from RECV_BYTE. 
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This subroutine 
receives 
multiple 
data bytes from an addressed 
12C slave device into the buffer pointed 
to by RO. 


BYTE_CNT 
= # of bytes to be received 
SLY 
ADDR 
= Slave addres 


SUBROUTINES 
Used 
MASTER_XMIT 
RCV 
BYTE 


Note: 
To receive with a subaddress, 
use SEND _DATA 
to set the 
subaddress 
first (no provision 
for repeated start). 


RCV 
DATA: 
INC 
SLY 
ADDR 
ACALL 
MASTER 
CONTROLLER 
JB 
NO_ACK,RDEX 


;Set for READ of slave. 
;Acquire 
bus and send slave address. 
;Check for slave not responding. 


RDLoop: 


ACALL 
RECV 
BYTE 
MOV 
@RO,A 
INC 
RO 
DJNZ 
BYTE_CNT,RDLoop 


;Recieve 
next data byte. 


;Save data byte in buffer. 
;Advance 
buffer pointer. 
;Repeat untill all bytes received. 


ACALL 
SEND 
STOP 
RET 


;Done, 
send an 12C stop. 


;Retum 
from RCV _DATA 
Subroutine. 


MOV DPTR, 
#RAM_LED 
MOV RI, 
#XMT_DAT 
ACALL 
TRANSFER 


;Points 
to RAM_LED 
string. 


;Points 
to the XMT _DA T Buffer. 
;Transfers 
RAM_LED 
into XMT_DAT. 


MOV DPTR, 
#RAM_SLC 
MOV RI, 
#ALT_XMT 
ACALL 
TRANSFER 


;Points to RAM_SLC 
string to select. RAM. 


;Buffer to transfer 
string to. 


;Transfer 
RAM_SLC 
into ALT_XMT. 


CLR 
SETB 
SINK 
SINK 


MOV RO, #XMT_DAT 
ACALL 
SEND 
MSG 


;Points 
to XMT_DAT 
Buffer. 


;Calls SEND_MSG 
Subroutine. 
;Writes Data to I2C RAM. 
;(1 Subaddr + 8 data bytes). 


MOV RO, #ALT_XMT 
ACALLSEND 
MSG 


;Points 
to ALTXMT 
Buffer. 


;Calls SEND_MSG 
Subroutine. 


;Writes Subaddress 
to Select RAM 


MOV RO, #RCV _DAT 
MOV RI, 
#XMT_DAT 
ACALL 
RECV 
MSG 


;Points 
to RECEIVE 
Buffer. 
;Points to XMTDAT 
Buffer. 


;Calls RECV _MSG Subroutine. 
;Receives 
data from 12C RAM into 


;Intel MCS-51 Device. 


MOV RO, #RCV _DAT 
ACALL 
SEND 
MSG 
;Points to RECEIVE 
Buffer. 


;Calls SEND_MSG 
Subroutine. 


;Transfers 
RCV _DAT 
Buffer to LED. 


;(info encoded 
into string). 


RAM_SLC: 
RAM 
LED: 


END 


I2C_RAM, 
1,0 
I2C_RAM, 
9, 0, 12C_LED, 
6, 0, 37H, OH, 48H, 
3EH, 35H 
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STITLE(l2C_MACROS]OR_THE_80C51) 
--------INTEL 
CORPORATION 
------------- 
----------I2C 
MACROS---------------- 


These macros are to be used in conjunction with the I2CDEMO.ASM 
ASM51 program that implements 
the I2C Master Controller 
functionality. 


Sabrina Quarles 
Intel Corporation 
EMD 8-Bit Applications 
Engineering 


%*DEFINE(Delay 
_2_ Cycles)( 
NOP 
NOP 
) 


%*DEFINE(Delay 
_3_Cycles)( 


NOP 
NOP 
NOP 
) 


%*DEFINE(Delay 
_4_Cycles)( 
NOP 
NOP 
NOP 
NOP 
) 


%*DEFINE(Delay 
_5_Cycles)( 
NOP 
NOP 
NOP 
NOP 
NOP 
) 


%*DEFINE(Delay 
_6_ Cycles)( 
NOP 
NOP 
NOP 
NOP 
NOP 
NOP 
) 


inteJ~ 
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%*DEFlNE(Delay 
_7_ Cycles)( 
NOP 
NOP 
NOP 
NOP 
NOP 
NOP 
NOP 
) 


%*DEFINE(Delay 
_8_ Cycles)( 
NOP 
NOP 
NOP 
NOP 
NOP 
NOP 
NOP 
NOP 
) 


%*DEFlNE(Release 
_ SCL _High)( 
SETB 
SCL]in 
1NB 
SCL]in, 
$ 
) 
• 
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UNIVERSAL COMMUNICATION 
CONTROLLER 
8-BIT MICROCONTROLLER 


• 
8K Factory Mask Programmable 
ROM Available 


• 
Superset 
of 80C51 Architecture 
• 
64KB Data Memory 
Addressing 


• 
Multi·Protocol 
Serial Communication 
• 
256 Bytes On-Chip 
RAM 
I/O Port (2.048 Mbps/2.4 
Mbps Max) 
• 
Dual On-Chip 
DMA Channels 
- 
SDLC/HDLC 
Only 
- 
CSMA/CD 
and SDLC/HDLC 
• 
Hold/Hold 
Acknowledge 
- 
User Definable 
Protocols 
• 
Two General 
Purpose 
Timer/Counters 


• 
Full Duplex/Half 
Duplex 
• 
5 or 7 I/O Ports 


• 
MCS®·51 
Compatible 
UART 
• 
56 Special Function 
Registers 


• 
16.5 MHz Maximum 
Clock Frequency 
• 
11 Interrupt 
Sources 


• 
Multiple 
Power Conservation 
Modes 
• 
Available 
In 48 Pin Dual-ln-L1ne Package 
• 
64KB Program 
Memory 
Addressing 
and 68 Pin Surface 
Mount PLCC 
Package 


(See Packaging 
Spec. 
Order 
#231369) 


The 80C152, 
which 
is based 
on the MCS@-51 CPU, is a highly 
integrated 
single-chip 
8-bit 
microcontroller 
designed 
for cost-sensitive, 
high-speed, 
serial communications. 
It is well suited for implementing 
Integrated 
Services 
Digital Networks 
(ISDN), emerging 
Local Area Networks, 
and user defined 
serial backplane 
applica- 
tions. In addition 
to the multi-protocol 
communication 
capability, 
the 80C152 
offers traditional 
microcontroller 
features 
for peripheral 
I/O interface 
and control. 


Silicon 
implementations 
are much more cost effective 
than multi-wire 
cables 
found in board level parallel-to- 
serial and serial-to-parallel 
converters. 
The 83C152 
contains, 
in silicon, all the features 
needed 
for the serial- 
to-parallel 
conversion. 
Other 83C152 benefits 
include: 
1) better noise immunity 
through 
differential 
signaling 
or 
fiber optic connections, 
2) data integrity utilizing the standard, 
designed 
in CRC checks, 
and 3) better modulari- 


ty of hardware 
and software 
designs. 
All of these--cost, 
network 
parameter 
and real estate 
improvements- 
apply to 83C152 
serial links between 
boards 
or systems 
and 83C152 
serial links on a single board. 
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(OOXo) 
P1.O 


(OTOX) 
P1.1 


. (DEN) 
Pl.2 


(m) 
P1.3 


(OXC) 
PL' 


(HLD) 
P1.5 


(HLoA) 
P1.6 


Pl.7 


I<ESft 
(oxo) no 
(neo) 
P3.1 


(INTO) 
P3.2 
(iNTi) 
P3.3 


(TO) P3.' 


(Tl) 
P3.5 


(Wil) 
P3.6 


(RD) 
P3.7 


(A/DO) 
PO.O 


(A/ol) 
Po.l 


(A/02) 
PO.2 


(A/03) 
PO.3 


XTAL2 


XTAl1 


Vss 


Vee 


P .•. O 


P-4.1 


P".2 


P4.3 


N." 


P".5 


P4.6 


P4.7 


EA 


ALE 


PSEN 


P2.7 
(Al5) 


P2.6 
(A") 


P2.5 (A") 


P2.' 
(Al2) 


P2.3 
(All) 


P2.2 
(AlO) 


P2.1 
(A9) 


P2.O 
(A.) 


PO.7 
(A/07) 


PO.6 
(A/06) 


PO.5 
(A/OS) 


po .• 
(A/D') 


INDEX 


CORNER", 


BOC152JA 
B3C152JA 
BOC152JC 
B3C152JC 


P4.5 


P4.6 


P4.7 


P6.3 


EA 


ALE 


PSEN 


[PSEN 


P6.2 


P6.7 


P6.4 


PS.7 


P2.7 


P2.6 


P2.S 


P2.4 


P2.3 


8 kBYTE 
ROtol/ 
EPROtol 


SPE- 
CIAL 
FUNC- 
TION 
REGIS- 
TERS 


256 
BYTES 
RAtol 


GLOBAL 
SERIAL 
CHANNEL 
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80C152JB/JD 
General 
Description 


The 
80C152JB/ 
JD is a ROM less extension 
of the 
80C152 
Universal 
Communication 
controller. 
The 
80C152JB 
has the same five 8-bit I/O 
ports of the 
80C152, 
plus an additional 
two 8·bit I/O ports, Port 5 
and 
Port 6. The 80C152JB/ 
JD also 
has two addi- 
tional control 
pins, EBEN (EPROM Bus ENable), and 
Ei5SEJij (EPROM 
bus Program 
Store ENable). 


EBEN selects 
the functionality 
of Port 5 and Port 6. 
When EBEN is low, these ports are strictly 
I/O, simi· 
lar to Port 4. The SFR location 
for Port 5 is 91 Hand 
Port 6 is OA1H. This means Port 5 and Port 6 are not 
bit addressable. 
With EBEN low, all program 
memo- 


ry fetches 
take 
place 
via Port 0 and 
Port 2. (The 
80C152 
is a ROM less only product). 
When EBEN is 
high, Port 5 and 
Port 6 form 
an address/data 
bus 
called the E-Bus (EPROM-Bus) 
for program 
memory 
operations. 


intel~ 


EPSEN is used in conjunction 
with Port 5 and Port 6 
program 
memory 
operations. 
EPSEN 
functions 
like 
PSEN 
during 
program 
memory 
operation, 
but sup- 
ports Port 5 and Port 6. EPSEN is the read strobe to 
external 
program 
memory 
for 
Port 
5 and 
Port 
6. 
EPSEN is activated 
twice during each machine 
cycle 
unless an external 
data memory operation 
occurs on 
Port(s) 0 and Port 2. When external 
data memory 
is 
accessed 
the 
second 
activation 
of 
EPSEN 
is 
skipped, 
which 
is the 
same 
as when 
using 
PSEN. 


Note 
that 
data 
memory 
fetches 
cannot 
be 
made 
through 
Ports 5 and 6. 


When EBEN is high and EA is low, all program 
mem- 


ory operations 
take place via Ports 5 and 6. The high 
byte of the address 
goes out on Port 6, and the low 
byte is output on Port 5. ALE is still used to latch the 
address 
on Port 5. Next, the op code is read on Port 
5. The timing is the same as when using Ports 0 and 
2 for external 
program 
memory 
operations. 


EBEN 
EA 
Program 
PSEN 
EPSEN 
Comments 
Fetch via 


0 
0 
PO,P2 
Active 
Inactive 
Addresses 
O-OFFFFH 


0 
1 
N/A 
N/A 
N/A 
Invalid Combination 


1 
0 
P5, P6 
Inactive 
Active 
Addresses 
O-OFFFFH 


1 
1 
P5,P6 
Inactive 
Active 
Addresses 
0-1 FFFH 
PO,P2 
Active 
Inactive 
Addresses:?: 
2000H 


ROMless 
CSMA/CD 
HDLC/SDLC 
ROM 
PLCC 
PLCC 
51/0 
71/0 
and 
Version 
and 
Version 
HDLC/SDLC 
Only 
Available 
DIP 
Only 
Ports 
Ports 


80C152JA 
* 
* (83C152JA) 
* 
* 
80C152JB 
* 
* 
* 
80C152JC 
* 
* (83C152JC) 
* 
* 
80C152JD 
* 
* 
* 


NOTES: 
• = options available 
o standard frequency range 3.5 MHz to 12 MHz 
0"-1" 
frequency range 3.5 MHz to 16.5 MHz 


Pin ill 
Pin Description 


DIP 
PLCC(1) 


48 
2 
Vcc-Supply 
voltage. 


24 
3,33(2) 
Vss-Circuit 
ground. 


18-21, 
27-30. 
Port o-Port 
0 is an 8-bit open drain bidirectional 
I/O port. As an output port each pin 
25-28 
34-37 
can sink 8 LS TTL inputs. Port 0 pins that have 1s written to them float, and in that 
state can be used as high-impedance 
inputs. 
Port 0 is also the multiplexed 
low-order 
address and data bus during accesses 
to 
external 
program 
memory if EBEN is pulled low. During accesses 
to external 
Data 
Memory, 
Port 0 always emits the low-order 
address byte and serves as the multiplexed 
data bus. In these applications 
it uses strong internal pullups when emitting 
1s. 


Port 0 also outputs the code bytes during program verification. 
External pullups are 
required during program verification. 


1-8 
4-11 
Port 1-Port 
1 is an 8-bit bidirectional 
I/O port with internal pullups. Port 1 pins that 
have 1s written to them are pulled high by the internal pull ups, and in that state can be 
used as inputs. As inputs. Port 1 pins that are externally 
being pulled low will source 
current (IlL, on the data sheet) because 
of the internal 
pull ups. 


Port 1 also serves the functions 
of various special features 
of the 8XC152. as listed 
below: 


Pin 
Name 
Alternate 
Function 


P1.0 
GRXD 
GSC data input pin 
P1.1 
GTXD 
GSC data output pin 
P1.2 
DEN 
GSC enable signal for an external driver 
P1.3 
TXC 
GSC input pin for external transmit 
clock 
P1.4 
RXC 
GSC input pin for external 
receive clock 
P1.5 
HLD 
DMA hold input/output 
-- 
P1.6 
HLDA 
DMA hold acknowledge 
input/ output 


29-36 
41-48 
Port 2-Port 
2 is an 8-bit bidirectional 
I/O port with internal pullups. Port 2 pins that 
have 1s written to them are pulled high by the internal pullups, and in that state can be 
used as inputs. As inputs, Port 2 pins that are externally 
being pulled low will source 
current (IlL. on the data sheet) because 
of the internal pullups. 
Port 2 emits the high-order 
address byte during fetches 
from external 
Program 
Memory if EBEN is pulled low. During accesses 
to external 
Data Memory that use 16- 
bit addresses 
(MOVX 
@ DPTR and DMA operations), 
Port 2 emits the high-order 
address 
byte. In these applications 
it uses strong internal pullups when emitting 
1s. 
During accesses 
to external 
Data Memory that use 8-bit addresses 
(MOVX 
@ Ri). 


Port 2 emits the contents 
of the P2 Special 
Function 
Register. 


Port 2 also receives 
the high-order 
address 
bits during program verification. 


10- 17 
14-16, 
Port 3-Port 
3 is an 8-bit bidirectionalI/O 
port with internal pullups. Port 3 pins that 
18,19, 
have 1s written to them are pulled high by the internal pullups, and in that state can be 
23-25 
used as inputs. As inputs, Port 3 pins that are externally 
being pulled low will source 
current (IlL. on the data sheet) because 
of the pullups. 
Port 3 also serves the functions 
of various special features 
of the MCS-51 Family, as 
listed below: 


Pin 
Name 
Alternate 
Function 


P3.0 
RXD 
Serial input line 
P3.1 
TXD 
Serial output line 
P3.2 
INTO 
External 
Interrupt 0 
P3.3 
INT1 
External Interrupt 
1 
P3.4 
TO 
Timer 0 external 
input 
P3.5 
T1 
Timer 1 external 
input 
P3.6 
WR 
External Data Memory Write strobe 
P3.7 
RD 
External 
Data Memory 
Read strobe 


• 


Pin # 
Pin Description 


47-40 
65-58 
Port 4-Port 
4 is an 8-blt bidirectional 
I/O port with internal pullups. Port 4 pins that 
have 1s written to them are pulled high by the internal pullups, and in that state can 
be used as inputs. As inputs, Port 4 pins that are externally 
being pulled low will 
source current (IlL, on the data sheet) because 
of the internal pull ups. In addition, 


Port 4 also receives the low-order 
address bytes during program verification. 


9 
13 
RST -Reset 
input. A logic low on this pin for three machine 
cycles while the 
oscillator 
is running resets the device. An internal pullup resistor permits a power-on 
reset to be generated 
using only an external capacitor 
to VSS. Although 
the GSC 


recognizes 
the reset after three machine cycles, data may continue 
to be 
transmitted 
for up to 4 machine cycles after Reset is first applied. 


38 
55 
ALE-Address 
Latch Enable output signal for latching the low byte of the address 
during accesses 
to external 
memory. 


In normal operation 
ALE is emitted 
at a constant 
rate of % the oscillator 


frequency, 
and may be used for external timing or clocking 
purposes. 
Note, 


however, 
that one ALE pulse is skipped during each access to external 
Data 
Memory. While in Reset, ALE remains at a constant 
high level. 


37 
54 
PSEN-Program 
Store Enable is the Read strobe to External 
Program Memory. 


When the 8XC152 is executing 
from external 
program 
memory, 
PSEN is active 
(low). When the device is executing 
code from External Program Memory, 
PSEN is 
activated 
twice each machine cycle, except that two PSEN activations 
are skipped 
during each accl;lss to External Data Memory. While in Reset, PSEN remains at a 
constant 
high level. 


39 
56 
EA-External 
Access enable. 
EA must be externally 
pulled low in order to enable 
the 8XC152 to fetch code from External Program Memory locations 
OOOOH to 
OFFFH. 


EA must be connected 
to Vcc for internal program 
execution. 


23 
32 
XTAL 1-lnput 
to the inverting oscillator 
amplifier 
and input to the internal clock 
generating 
circuits. 


22 
31 
XT AL2-0utput 
from the inverting 
oscillator 
amplifier. 


N/A 
17,20 
Port S-Port 
5 is an 8-bit bidirectional 
I/O port with internal pullups. Port 5 pins that 
21,22 
have 1s written to them are pulled high by the internal pullups, and in that state can 
38,39 
be used as inputs. As inputs, Port 5 pins that are externally 
being pulled low will 
40,49 
source current (IlL, on the data sheet) because 
of the internal pull ups. 


Port 5 is also the multiplexed 
low-order 
address and data bus during accesses 
to 
external 
program 
memory if EBEN is pulled high. In this application 
it uses strong 
pull ups when emitting 
1s. 


N/A 
67,66 
Port 6-Port 
6 is an 8-bit bidirectionalI/O 
port with internal pullups. Port 6 pins that 
52, 57 
have 1s written to them are pulled high by the internal pullups, and in that state can 
50,68 
be used as inputs. As inputs, Port 6 pins that are externally 
pulled low will source 
1,51 
current (IlL, on the data sheet) because 
of the internal pull ups. 


Port 6 emits the high-order 
address byte during fetches 
from external 
Program 
Memory if EBEN is pulled high. In this application 
it uses strong pullups when 
emitting 
1s. 


N/A 
12 
EBEN-E-Bus 
Enable input that designates 
whether 
program 
memory fetches 
take 
place via Ports 0 and 2 or Ports 5 and 6. Table 1 shows how the ports are used in 
conjunction 
with EBEN. 


N/A 
53 
EPSEN-E-bus 
Program Store Enable is the Read strobe to external 
program 
memory when EBEN is high. Table 2 shows when EPSEN is used relative to PSEN 
depending 
on the status of EBEN and EA. 


XTAL 1 and XTAL2 are the input and output, 
respec- 
tively, of an inverting 
amplifier 
which 
can be config- 
ured for use as an on-chip 
oscillator, 
as shown 
in 
Figure 
3. 


To drive the device 
from an external 
clock 
source, 
XTAL 1 should 
be driven, while XT AL2 is left uncon- 
nected, 
as shown 
in Figure 4. There are no require- 
ments on the duty cycle of the external 
clock signal, 
since 
the 
input 
to the 
internal 
clocking 
circuitry 
is 
through 
a divide-by-two 
flip-flop, 
but minimum 
and 
maximum 
high and low times specified 
on the Data 
Sheet 
must be observed. 


EXTERNAL 
OSCILLATOR 
SIGNAL 


In Idle Mode, the CPU puts itself to sleep while most 
of the on-chip 
peripherals 
remain 
active. 
The major 
peripherals 
that do not remain active during Idle, are 
the 
DMA 
channels. 
The 
Idle 
Mode 
is invoked 
by 
software. 
The content 
of the on-chip 
RAM and all 
the 
Special 
Function 
Registers 
remain 
unchanged 
3 


during this mode. The Idle Mode can be terminated 
by any enabled 
interrupt 
or by a hardware 
reset. 


An external 
oscillator 
may encounter 
as much as a 
100 pF load at XTAL 1 when it starts-up. 
This is due 
to interaction 
between 
the amplifier 
and its feedback 
capacitance. 
Once the external 
signal meets the VIL 
and VIH specifications 
the capacitance 
will not ex- 
ceed 20 pF. 


In Power Down Mode, the oscillator 
is stopped 
and 
all on-chip 
functions 
cease 
except 
that the on-chip 
RAM 
contents 
are 
maintained. 
The 
mode 
Power 
Down 
is invoked 
by 
software. 
The 
Power 
Down 
Mode can be terminated 
only by a hardware 
reset. 


Figure 3. Using the On-Chip 
Oscillator 


Table 3. Status of the External 
Pins During Idle and Power Down Modes 
80C152JA/83C152JA/80C152JC/83C152JC 


Mode 
Program 
ALE 
PSEN 
Port 0 
Port 1 
Port 2 
Port 3 
Port 4 
Memory 


Idle 
Internal 
1 
1 
Data 
Data 
Data 
Data 
Data 


Idle 
External 
1 
1 
Float 
Data 
Address 
Data 
Data 


Power Down 
Internal 
0 
0 
Data 
Data 
Data 
Data 
Data 


Power Down 
External 
0 
Ot 
Float 
Data 
Data 
Data 
Data 


Mode 
Instruction 
ALE 
PSEN 
EPSEN 
Port 0 
Port 1 
Port 2 
Port 3 Port 4 
Port 5 
Port 6 
Bus 


Idle 
PO,P2 
1 
1 
1 
Float 
Data 
Address 
Data 
Data 
OFFH 
OFFH 


Idle 
P5,P6 
1 
1 
1 
Data 
Data 
Data 
Data 
Data 
OFFH 
Address 


Power Down 
PO, P2 
0 
0 
1 
Float 
Data 
Data 
Data 
Data 
OFFH 
OFFH 


Power Down 
P5,P6 
0 
1t 
0 
Data 
Data 
Data 
Data 
Data 
OFFH 
OFFH 


NOTE: 
For more 
detailed 
information 
on the reduced 
po""",r 
modes 
refer to the 
Embedded 
Cont'O!ler 
Handbook, 
and Application 


Note AP 252, "Designing 
with the 80C5~BH." 
+Note 
difference 
of logic level of PSEN during 
Power 
Down for ROM JA/JC 
and ROM emulation 
mode 
for JC/JD. 


A~IG'l~.'i,",Ytdf}Yi'cMf?l'Jfiber 
tllas 
.... 
U~I."to 
-t- fuvlj 


Storage 
Temperature 
- 65°C to + 150°C 


Voltage 
on Any pin to VSS .. -0.5V 
to (Vee + 0.5V) 


Voltage 
on Vee to VSS 
- 0.5V to + 6.5V 


Power Dissipation 
1.0W(9) 


!! __ .L 
• 
tions are subject to change without notice. Verity with 
your local Intel Sales office that you have the latest 
data sheet before finalizing a design. 


• WARNING: Stressing the device beyond the "Absolute 
Maximum 
Ratings" 
may 
cause 
permanent 
damage. 


These are stress ratings 
only. Operation 
beyond 
the 


"Operating 
Conditions" 
is not recommended 
and ex~ 


tended 
exposure 
beyond 
the 
"Operating 
Conditions" 


may affect device reliability. 


Symbol 
Parameter 
Mln 
Typ 
Max 
Unit 
Test Conditions 
(Note 3) 


VIL 
Input Low Voltage 
-0.5 
0.2Vee-0.1 
V 
(All Except EA, EBEN) 


VIL1 
Input Low Voltage 
-0.5 
0.2Vee-0.3 
V 
(EA, EBEN) 


VIH 
Input High Voltage 
0.2Vee+0.9 
Vee+0.5 
V 
(Except XT AL 1, RST) 


VIH1 
Input High Voltage 
0.7Vee 
Vee+0.5 
V 
(XT AL 1, RST) 


VOL 
Output Low Voltage 
0.45 
V 
IOL = 1.6 mA 
(Ports 1, 2, 3, 4, 5, 6) 
(Note 4) 


VOL1 
Output Low Voltage 
0.45 
V 
IOL = 3.2mA 


(Port 0, ALE, PSEN, EPSEN) 
(Note 4) 


VOH 
Output High Voltage 
2.4 
V 
IOH = -60 
p.A 
(Ports 1, 2, 3, 4, 5, 6 COMM9 
Vee = 5V ±10% 


ALE, PSEN, EPSEN) 
0.9Vee 
V 
IOH = -10 
p.A 


VOH1 
Output High Voltage 
2.4 
V 
IOH = - 400}J-A 
(Port 0 in External 
Vee = 5V ±10% 


Bus Mode) 
0.9Vee 
V 
IOH = - 40 p.A (Note 5) 


IlL 
Logical 0 Input 
-50 
}J-A 
VIN = 0.45V 


Current (Ports 1, 2, 3, 4, 5, 6) 


ITL 
Logical 1 to 0 
-650 
}J-A 
VIN = 2V 
Transition 
Current 
(Ports 1, 2, 3, 4, 5, 6) 


III 
Input Leakage 
±10 
}J-A 
0.45<VIN<Vee 


(Port 0, EA) 


RRST 
Reset Pullup Resistor 
40 
kO 


IIH 
Logical 1 Input Current (EBEN) 
+60 
}J-A 


Ice 
Power Supply Current: 
Active (16.5 MHz) 
31 
41.1 
mA 
(Note 6) 
Idle (16.5 MHz) 
8 
15.4 
mA 
(Note 6) 
Power Down Mode 
10 
}J-A Vee = 2.0V to 5.5V 


MAX lee (ACTIVE) 
= (2.24 
X FREQ) + 4.16 (Note 
6) 
MAX lee (IDLE) = (0.8 X FREQ) + 2.2 (Note 
6) 


45 


40 
tolAX Ice (ACTIVE) 


3S 


30 
TYPICAL Ice 
~ 
2S 
(ACnVE) 
(NOTE 
1) 
.§, 


0 
20 
.!I 
tolAX Ice (IDLE) 
1S 


10 


S 
TYPICAL Ice 
IDLE (NOTE 1) 


0 
4 
8 
12 
16 


fREQUENCY (tolHz) 
270431-7 


FIgure 5. lee vs Frequency 


P: 
PSEN. 


Q: 
OutpDt data. 
R: 
REA 
signal. 


T: 
Time. 


V: 
Valid. 
W: 
WRiiE: signal. 


X: 
No longer a valid logic level. 


Z: 
Float. 


Each timing symbol has 5 characters. The first char- 
acter is always a 'T' (stands for time). The other 
characters, depending on their positions, stand for 
the name of a signal or the logical status of that 
signal. The following is a list of all the characters and 
what they stand for. 


A: 
Address. 
C: 
Clock 
D: 
Input data. 
H: 
Logic level HIGH. 
I: 
Instruction (program memory contents). 
L: 
Logic level LOW, or ALE. 


TAVLL = Time for Address Valid to ALE Low. 
TLLPL = Time for ALE Low to ~ 
Low. • 


A.C. CHARACTERISTICS 
(TA = OCCto + 70cC; Vcc = 5V ± 10%; VSS = OV; Load Capacitance 
for 
Port 0, ALE, and PSEN = 100 pF; Load Capacitance 
for All Other Outputs = 80 pF) 


Symbol 
Parameter 
16.5 MHz 
Variable 
Oscillator 
Unit 
Min 
Max 
Min 
Max 


1/TCLCL 
Oscillator 
Frequency 
3.5 
12 
MHz 
80C152JAI 
JC 
83C152JAlJC 
80C152JBI JD 


80C152JAI 
JC-1 
3.5 
16.5 
MHz 


83C152JAI 
JC-1 
80C152JB/JD-1 


TLHLL 
ALE Pulse Width 
81 
2TCLCL-40 
ns 


TAVLL 
Address 
Valid to ALE Low 
5 
TCLCL-55 
ns 


TLLAX 
Address 
Hold After ALE Low 
25 
TCLCL-35 
ns 


TLLlV 
ALE Low to Valid 
142 
4TCLCL-100 
ns 
Instruction 
In 


TLLPL 
ALE Low to PSEN Low 
20 
TCLCL-40 
ns 


TPLPH 
PSEN Pulse Width 
137 
3TCLCL-45 
ns 


TPLIV 
PSEN Low to Valid 
77 
3TCLCL-105 
ns 


Instruction 
In 


TPXIX 
Input Instruction 
0 
0 
ns 
Hold After PSEN 


TPXIZ 
Input Instruction 
35 
TCLCL-25 
ns 
Float After PSEN 


TAVIV 
Address 
to Valid 
198 
5TCLCL-105 
ns 
Instruction 
In 


TPLAZ 
PSEN Low to Address 
10 
10 
ns 
Float 


TALAH 
AD Pulse Width 
263 
6TCLCL-100 
ns 


TWLWH 
WA Pulse Width 
263 
6TCLCL-100 
ns 


TALDV 
AD Low to Valid 
138 
5TCLCL-165 
ns 
Data In 


TAHDX 
Data Hold After AD 
0 
0 
ns 


TAHDZ 
Data Float After AD 
51 
2TCLCL-70 
ns 


TLLDV 
ALE Low to Valid 
335 
8TCLCL-150 
ns 
Data In 


TAVDV 
Address 
to Valid 
380 
9TCLCL-165 
ns 
Data In 


TLLWL 
ALE Low to AD or 
132 
232 
3TCLCL-50 
3TCLCL+50 
ns 
WA Low 


TAVWL 
Address 
to AD or 
112 
4TCLCL-130 
ns 
WA Low 
TQVWX(8) 
Data Valid to WA 
196 
6TCLCL-167 
ns 
Transition 


TWHQX 
Data Hold After WA 
10 
TCLCL-50 
ns 


TALAZ 
AD Low to Address 
0 
0 
ns 
Float 


TWHLH 
AD or WA High to 
20 
100 
TCLCL-40 
TCLCL+40 
ns 
ALE High 


'I 
TRLRH 
• 


TAVWL 


P2.0-P2.7 
OR A8-A15 
FROM DPH 


Symbol 
Parameter 
Mln 
Max 
Units 


1/TCLCL 
Oscillator 
Frequency 
3.5 
16.5 
MHz 


TCHCX 
High Time 
20 
ns 


TCLCX 
Low Time 
20 
ns 


TCLCH 
Rise Time 
20 
ns 


TCHCL 
Fall Time 
20 
ns 


VCC-O.5 
• - -- 
O.7Vcc 


O.• 5V 
O.2Vcc-O.l 


TCHCL 


Symbol 
Parameter 
16.5 MHz 
Variable 
Oscillator 
Units 


Min 
Max 
Mln 
Max 


TXLXL 
Serial Port Clock Cycle 
727 
12TCLCL 
ns 


Time 


TOVXH 
Output Data Setup to 
473 
1OTCLCL -133 
ns 


Clock Rising Edge 


TXHOX 
Output Data Hold After 
4 
2TCLCL-117 
ns 


Clock Rising Edge 


TXHDX 
Input Data Hold After 
0 
0 
ns 
Clock Rising Edge 


TXHDV 
Clock Rising Edge to 
473 
10TCLCL-133 
ns 


Input Data Valid 


INSTllUCTION I 


4Lf 


'-----t-' 


WRITE TO SBur 


INPur 
DATA 


t 
SET RI 
270431-12 


V 


C 
C 


O 


. 


5=X 
>C 


0.2VCC+0.9 


0.2 VCC-0.1 
0.45V 
-------- 


VLOAO+0.1V 
VOH-O.l V 


VLOAO 
Tllo4lNGREFERENCE< 


, 
--- 
POINTS 
VLOAO-O.1V 
VOL+0.1 V 


270431-14 
For Timing Purposes a Port Pin is no Longer Floating when a 
100 mV change from Load Voltage Occurs, and Begins to Float 
when a 100 mV change from the Loadad VOHIVOLLevel occurs 
IOL/loH;;' 
±20 mA. 


AC Inputs Ou"ng Testing are Driven at Vcc-0.5 
for a Logic "1" 


and O.45V 
for a Logic "0". 
Timing 
Measurements 
are made 
at V'H 
Min for a LogIc '·1 'and 
VIl 
Max for a Logic "0". 


• 


Symbol 
Parameter 
16.5 MHz (BAUD = 0) 
Variable 
Oscillator 
Unit 


Min 
Max 
Mln 
Max 


HBTJR 
Allowable 
jitter on 
0.0375 
(0.125 
X 
J.Ls 
the Receiver for % 
(BAUD+1)X 


bit time (Manchester 
8TCLCL) 
encoding 
only) 
-25 
ns 


FBTJR 
Allowable 
jitter on 
0.10 
(0.25 X 
J.Ls 
the Receiver for one 
(BAUD+1)X 


full bit time (NRZI 
8TCLCL) 
and Manchester) 
-25 
ns 


HBTJT 
Jitter of data from 
±10 
±10 
ns 
Transmitter 
for % 
bit time (Manchester 
encoding 
only) 


FBTJT 
Jitter of data from 
±10 
±10 
ns 


Transmitter 
for one 
full bit time (NRZI 
and Manchester) 
, 


DRTR 
Data rise time for 
20 
20 
ns 
Receiver(11 ) 


DFTR 
Data fall time for 
20 
20 
ns 
Receiver(12) 


I' 
I 


MANCHESTER ==:)K 


I 
I 


NRZI ==:)K 


I 


?J-? 


HBTJR 
z 
* 
Z 
1-.------..1 


FBTJR 


I 


I 
)l(:=GRXD 
I 
I 


II 
BT 
'I 
I 


I 
I 


MANCHESTER 
=:x: 
~-¥-~ 
Z * 
Z 
X=:GTXD 


I 
I 
'---'1----" 
I 


I 
HBTJT 
I 
FBTJT 
I 


NRZ1=:l 
Z. 
~ 
,Z 
X=:GTXD 


I 
'II 
I 
FBTJT 
270431-16 


Symbol 
Parameter 
16.5 MHz 
Variable 
Oscillator 
Unit 
Min 
Max 
Min 
Max 


1/ECBT 
GSC Frequency 
with an 
2.4 
0.009 
FOSC x 0.145 
MHz 


External Clock 


ECH 
External Clock High 
170 
2TCLCL 
ns 
+ 45 ns 


ECU13) 
External Clock Low 
170 
2TCLCL 
ns 


+ 45 ns 


ECRT 
External Clock Rise 
20 
20 
ns 
Ttme(11) 


ECFT 
External Clock Fall 
20 
20 
ns 
Time(12) 


ECDVT 
External Clock to Data 
ns 
Valid Out - Transmit 
150 
150 


(to External Clock 
Negative 
Edge) 


ECDHT 
External Clock Data 
ns 
Hold - Transmit 
0 
0 


(to External Clock 
Negative 
Edge) 


ECDSR 
External Clock Data 
45 
45 
ns 
Set-up - Receiver 
(to External Clock 
Positive Edge) 


ECDHR 
External Clock to Data 
50 
50 
ns 
Hold - Receiver 
(to Exter'1al Clock 
Positive Edge) 


• 


I' 
ECST 
'I 


1 
1 


~I 
lyll 
EXTERNAL CLOCK 
\ 
f. 
X... 
I 


'--- 
ECl -----..: 
:--- 
ECH -----: 
1 
1 
-.., 
:-- 
ECDVT 


TRANSMIT DATA -- 
••••••• 
: X 
:X 


ECDHT 
-+I 
;...---------------- 


'l.- 


I 
I 


I 


~I 
f,' 
,~ 
/ 
EXTERNAL CLOCK 
\ 
: 
' .••• 
_ 


I 
I 
'l.- 


1 
I 


RECEIVE DATA 
X"", 
".~_------------------ 


NOTES: 
1. N.C. pins on PlCC 
package 
may be connected 
to internal 
die and should 
not be used in customer 
applications. 


2. It is recommended 
that both Pin 3 and Pin 33 be grounded 
for PLCC devices. 
3. "Typicals" 
are based 
on samples 
taken 
from 
early manufacturing 
lots and are not guaranteed. 
The measurements 
were 
made with Vee = 5V at room temperature. 
4. Capacitive 
loading 
on Ports 0 and 2 may cause 
spurious 
noise pulses 
to be superimposed 
on the VOLS of ALE and Ports 
1 and 3. The noise 
is due to external 
bus capacitance 
discharging 
into the Port D and Port 2 pins when 
these 
pins make 
1- 
to-O transitions 
during 
bus operations. 
In the worst 
cases 
(capacitive 
loading> 
100 pF), the noise pulse on the ALE pin may 
exceed 
0.8V 
In such cases 
it may be desirable 
to qualify ALE with a Schmitt 
Trigger, 
or use an address 
latch with a Schmitt 
Trigger 
STROBE 
input. 


5. Capacitive 
loading 
on Ports 0 and 2 may cause 
the VOH on ALE and ~ 
to momentarily 
fall below 
the 0.9Vee 
specifi- 
cation 
when 
the address 
bits are stabilizing. 
6. Ice IS measured 
with all output 
pins disconnected; 
XTAL 1 driven with TCLCH, 
TCHCL 
= 5 ns, ~ 
= Vss + 0.5V, VIH = 
~ 
- 
0.5\!; 
XTAL2 
N.C.; Port 0 pins connected 
to Ve~'Operating" 
current 
is measured 
with 
EA connected 
to Vcc 
and 
RST connected 
to Vss. 
"Idle" 
current 
is measured 
with EA connected 
to Vss, RSf connected 
to Vee and GSC inactive. 


7. The specifications 
relating 
to external 
data memory 
characteristics 
are also applicable 
to DMA operations. 
8. TaVWX 
should 
not be confused 
with TaVWX 
as specified 
for 80C51BH. 
On 80C152, 
TaVWX 
is measured 
from 
data 
valid to rising edge of WR. On 80C51BH, 
TaVWX 
is measured 
from data valid to falling 
edge of WR. See timing 
diagrams. 


9. This value 
is based 
on the maximum 
allowable 
die temperature 
and the thermal 
resistance 
of the package. 
10. All ~pecifications 
relating 
to external 
program 
memory 
characteristics 
are applicable 
to: 
EP 
EN for PSEN 
Port 5 for Port 0 
Port 6 for Port 2 
when 
EBEN is at a Logical 
1 on the 80C152JB/JD. 


11. Same 
as TCLCH, 
use External 
Clock 
Drive Waveform. 
12. Same as TCHCL, 
use External 
Clock 
Drive Waveform. 


13. When 
using 
the 
same 
external 
clock 
to drive 
both 
the 
receiver 
and 
transmitter, 
the 
minimum 
ECL 
spec 
effectively 
becomes 
195 ns at all frequencies 
(assuming 
0 ns propagatIOn 
delay) 
because 
ECDVT 
(150 ns) plus 
ECDSR 
(45 ns) re- 
quirements 
must also be met (150 + 45 = 195 ns). The 
195 ns requirement 
would 
also increase 
to include 
the maximum 
propagation 
delay 
between 
receivers 
and transmitters. 


Within the 8XC152 
there exists a race condition 
that may set both the RDN and AE bits at the end of a valid 
reception. 
This will not cause a problem 
in the application 
as long as the following 
steps are followed: 


-Never 
give the receive 
error interrupt 
a higher priority than the valid reception 
interrupt 


-Do 
not leave the valid reception 
interrupt 
service 
routine when AE is set by using a RETI instruction 
until AE 


is cleared. 
To clear AE set the GREN bit, this enables 
the receiver. 
If the user desires that the receiver 
remain 
disabled, 
clear GREN after setting 
it before 
leaving the interrupt 
service 
routine. 


-If 
the AE bit is checked 
by user software 
in response 
to a valid reception 
interrupt, 
the status of AE should 
be considered 
invalid. 


The race condition 
is dependent 
upon both the temperature 
that the device 
is currently 
operating 
at and the 
processing 
the device 
received 
during the wafer fabrication. 


When the idle mode is terminated 
by a hardware 
reset, the device 
normally 
resumes 
program 
execution, 
from 
where 
it left off, up to two machine 
cycles before the internal 
reset algorithm 
takes control. 
On-chip 
hardware 
inhibits 
access 
to internal 
RAM in this event, 
but access 
to the port pins is not inhibited. 
To eliminate 
the 
possibility 
of an unexpected 
write 
when 
Idle is terminated 
by reset, 
the 
instruction 
following 
the one 
that 


invokes 
Idle should 
not be one that writes to a port pin or to external 
memory. 


The 
following 
represent 
the 
key 
differences 
between 
the 
"-003" 
and 
the 
"-002" 
version 
of 
the 
80C152/83C152 
data sheet. 
Please review this summary 
carefully. 


1. Removed 
minimum 
GSC frequency 
spec when used with an external 
clock. 


2. Change 
figure "External 
Program 
Memory 
Read Cycle" 
to show Port O/Port 
5 address 
floating 
after PSEN 
goes low. 


3. Added 
design 
note on terminating 
idle with reset. 


4. Added 
status of PSEN during Power Down mode to Table 3. 


5. Moved 
all notes to back of data sheet. 


6. Changed 
microcomputer 
to microcontroller. 


7. Added 
External 
Oscillator 
start-up 
capacitance 
note. 


The 
following 
represent 
the 
key differences 
between 
the 
"-002" 
and the 
"·001" 
version 
of the 
80C152/ 
83C152 
data sheet. 
Please review this summary 
carefully. 


1. Status of data sheet changed 
from "ADVANCED" 
to "PRELIMINARY". 


2. 80C152JC, 
83C152JC, 
and 80C152JD 
were added. 


3. Added 
AE/RDN 
design 
note. 


4. This revision 
summary 
was added. 


5. Note 
# 13 was added 
(Effective 
ECL spec at higher clock 
rates). 


6. Table 
#2 
changed 
to Table 
#3 
(Status of pins during Idle/Power 
Down). 


7. Current 
Table 
# 2 was added 
(JA vs. JB vs. JC vs. JD matrix). 


8. Transmit 
jitter spec changed 
from ± 35 ns and ± 70 ns to ± 10 ns. 


• 


• 
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The 
RUPI-44 
family 
is designed 
for applications 
re- 
quiring local intelligence 
at remote nodes, and commu- 
nication 
capability 
among these distributed 
nodes. The 
RUPI-44 
integrates 
onto a single chip Intel's 
highest 
performance 
microcontroller, 
the 
805 I-core, 
with 
an 
intelligent 
and high performance 
Serial communication 


controller, 
called the Serial Interface 
Unit, or SIU. See 
Figure 
1. This dual controller 
architecture 
allows com- 
plex control 
and high speed data communication 
func- 
tions to be realized cost effectively. 


The RUPI-44 
family consists 
of three pin compatible 
parts: 


• 
8344-8051 
Microcontroller 
with SIU 


• 
8044-An 
8344 with 4K bytes of on-chip ROM pro- 
gram memory 


• 
8744-An 
8344 with 4K bytes of on-chip 
EPROM 
program 
memory 


The 
8044's 
dual 
controller 
architecture 
enables 
the 
RUPI 
to perform complex control tasks and high speed 


communication 
in a distributed 
network 
environment. 


The 8044 microcontroller 
is the 8051-core, 
and main- 
tains complete 
software 
compatibility 
with it. The mi- 


crocontroller 
contains 
a powerful 
CPU 
with 
on-chip 
peripherals, 
making 
it capable of serving sophisticated 


real-time 
control 
apphcatlOns 
such a~ instrumentation, 


industrial 
control, and Intelligent computer 
peripherals. 


The microcontroller 
features 
on-chip 
peripherals 
such 
as two 16-bit timer/counters 
and 5 source interrupt 
ca- 
pability with programmable 
pnority 
levels. The micro- 


controller's 
high performance 
CPU 
executes 
most in- 
structions 
in I microsecond, 
and can perform 
an 8 x 8 
multiply in 4 microseconds. 
The CPU features a Boole- 
an processor that can perform operations 
on 256 direct- 
ly addressable 
bits. 192 bytes of on-chip data RAM can 
be extended 
to 64K bytes externally. 
4K bytes of on- 
chip program 
ROM can be extended 
to 64K bytes ex- 
ternally. 
The CPU and SIU run concurrently. 
See Fig- 


ure 2. 


The SIU is designed to perform 
serial communications 


with little or no CPU involvement. 
The SIU supports 


data 
rates 
up to 2.4 Mbps, 
externally 
clocked, 
and 
375 Kbps self clocked (i.e., the data clock is recovered 
by an on-chip digital phase locked loop). SIU hardware 
supports 
the HDLC/SDLC 
protocol: 
zero 
bit inser- 
tion/deletion, 
address 
recognition, 
cyclic 
redundancy 


check, and frame number sequence check are automati- 
cally performed. 


The SIU's Auto mode greatly 
reduces 
communication 
• 
software 
overhead. 
The 
AUTO 
mode 
supports 
the 
SDLC Normal 
Response 
Mode, by performing 
second- 
ary station 
responses 
in hardware 
without 
any CPU 
involvement. 
The Auto 
mode's 
interrupt 
control 
and 
frame 
sequence 
numbering 
capability 
eliminates 
soft- 
ware overhead 
normally 
required 
in conventional 
sys- 
tems. By using the Auto mode, the CPU is free to con- 
centrate 
on real time control 
of the application. 
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2.1 
HOLC/SOLC 
Advantages 
over 
Async 


The High Level Data Link Control, HDLC, is a stan- 
dard communication link control established by the In- 
ternational Standards Organization (ISO). SDLC is a 
subset of HDLC. 


HDLC and SDLC are both well recognized standard 
serial protocols. The Synchronous Data Link Control, 
SDLC, is an IBM standard communication protocol. 
IBM originally developed SDLC to provide efficient, 
reliable and simple communication between terminals 
and computers. 


The major advantages of SDLC/HDLC 
over Asyn- 


chronous communications protocol (Async): 
• SIMPLE: Data Transparency 


__ 
P_RI_M_A_RY __ 
' ~ 


• EFFICIENT: 
Well Defined Message-Level Opera- 
tion 
• RELIABLE: Frame Check Sequence and Frame 


Numbering 


The SDLC reduces system complexity. HDLC/SDLC 
are "data transparent" 
protocols. Data transparency 


means that an arbitrary data stream can be sent with- 
out concern that some of the data could be mistaken for 
a protocol controller. Data transparency 
relieves the 
communication 
controller 
having 
to detect 
special 
characters. 


SDLC/HDLC 
provides more data throughout 
than 


Async. SDLC/HDLC 
runs at Message-level Operation 


which 
transmits 
multiple 
bytes within 
the 
frame, 
whereas Async is based on character-level operation. 
Async transmits or receives a character at a time. Since 
Async requires start and stop bits in every transmis- 
sion, there is a considerable waste of overhead com- 
pared to SDLC/HDLC. 


I 
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Due to SDLC/HDLC's 
well delineated 
field (see Fig- 
ure 4) the CPU does not have to interpret 
character 
by 
character 
to determine 
control 
field and information 
field. In the case of Async, 
CPU 
must 
look at each 
character 
to interpret 
what it means. The practical 
ad- 
vantage of such feature is straight 
forward use of DMA 
for information 
transfer. 


In 
addition, 
SDLC/HDLC 
further 
improves 
Data 
throughput 
using implied 
Acknowledgement 
of trans- 
ferred information. 
A station using SDLC/HDLC 
may 
acknowledge 
previously 
received 
information 
while 
transmitting 
different 
information 
in the same frame. 
In addition, 
up to 7 messages may be outstanding 
be- 
fore an acknowledgement 
is required. 


The HDLC/SDLC 
protocol 
can be used to realize reli- 
able data links. Reliable Data transmission 
is ensured at 
the bit level by sending a frame check sequence, 
cyclic 
redudancy 
checking, 
within 
the frame. 
Reliable 
frame 
transmission 
is ensured 
by sending 
a frame 
number 
identification 
with each frame. 
This means that 
a re- 
ceiver 
can sequentially 
count 
received 
frames 
and at 
any time infer what the number 
of the next frame to be 
received 
should 
be. 
More 
important, 
it 
provides 
a 
means for the receiver to identify 
to the sender 
some 
particular 
frame that it wishes to have resent because of 
errors. 


In both the HDLC 
and SDLC line protocols 
a (Master) 
primary 
station controls the overall network (data link) 
and issues commands 
to the secondary 
(Slave) stations. 


The latter 
complies 
with instructions 
and responds 
by 
sending 
appropriate 
responses. 
Whenever 
a transmit- 
ting 
station 
must 
end 
transmission 
prematurely, 
it 
sends an abort character. 
Upon detecting an abort char- 
acter, a receiving station ignores the transmission 
block 
called a frame. 


RUPI-44 
supported 
HDLC/SDLC 
network 
configura- 
tions are point 
to point (half duplex) 
multipoint 
(half 
duplex), 
and loop. In the loop configuration 
the sta- 
tions themselves 
act as repeaters, 
so that long links can 
be easily realized, 
see Figure 3. 


An HDLC/SDLC 
frame 
consists 
of five basic fields: 


Flag, Address, 
Control, 
Data 
and Error 
Detection. 
A 
frame is bounded 
by flags-opening 
and closing flags. 


An address field is 8 bits WIde in SDLC, extendable 
to 2 
or more bytes in HDLC. 
The control field is also 8 bits 


wide, extendable 
to two bytes in HDLC. 
The SDLC 
data field or information 
field may be any number 
of 
bytes. The HDLC 
data field mayor 
may not be on an 8 
bit boundary. 
A powerful 
error 
detection 
code called 
Frame 
Check 
Sequence 
contains 
the calculated 
CRC 
(Cycle Redundancy 
Code) for all the bits between 
the 
flags. See Figure 4. 


In HDLC 
and SDLC are three types of frames; an In- 
formation 
Frame 
IS used to transfer data, a Supervisory 
Frame 
is used 
for 
control 
purposes, 
and 
a Nonse- 
quenced 
Frame is used for initialization 
and control 
of 
the secondary 
stations. 


For a more detailed discussion 
of higher level protocol 
functions 
interested 
readers may refer to the references 
listed in Section 2.6. 


In data communications, 
it is desirable to transmit 
data 
which can be of arbitrary 
content. 
Arbitrary 
data trans- 
mission 
requires 
that 
the 
data 
field 
cannot 
contain 
characters 
which are defined to assist the transmission 
protocol 
(like opening flag in HDLC/SDLC 
communi- 
cations). This property 
is referred to as "data transpar- 
ency". 
In 
HDLC/SDLC, 
this 
code 
transparency 
is 


made possible by Zero Bit Insertion 
(ZBI). 


The flag has a unique bit pattern: 
01111110 (7E HEX). 


To eliminate 
the possibility of the data field containing 
a 7E HEX pattern, 
a bit stuffing technique 
called Zero 
Bit Insertion 
is used. This technique 
specifies that dur- 
ing transmission, 
a binary 0 be inserted by the transmit- 
ter after any succession 
of five contiguous 
binary 
I's. 


This will ensure that no pattern 
of 0 I I I I I I 0 is ever 
transmitted 
between 
flags. On the receiving 
side, after 
receiving the flag, the receiver hardware 
automatically 
deletes any 0 following 
five consecutive 
I's. The 8044 
performs 
zero bit insertion 
and deletion 
automatically. 


NRZI is a method of clock and data encoding that is 
well suited to the HOLC/SOLC 
protocol. It allows 


HOLC/SOLC 
protocols to be used with low cost asyn- 


chronous moderns. NRZI coding is done at the trans- 
mitter to enable clock recovery from the data at the 
receiver terminal by using standard digital phase locked 
loop (DPLL) techniques. NRZI coding specifies that 
the signal condition does not change for transmitting a 
I, while a 0 causes a change of state. NRZI coding 
ensures that an active data line will have a transition at 
least every 5-bit times (recall Zero Bit Insertion), while 
contiguous O's will cause a change of state. Thus, ZBI 
and NRZI encoding makes it possible for the 8044's on- 
chip OPLL to recover a receive clock (from received 
data) synchronized to the received data and at the same 
time ensure data transparency. 


1. IBM Synchronous Data Link Control General Infor- 
mation GA27-3093-2 File No. GENL-09. 
2. Standard Network Access Protocol Specification, DA- 
TAPAC Trans-Canada Telephone System CCG111. 


3. IBM 3650 Retail Store System Loop Interface OEM 


Information, IBM, GA27-3098-0. 
4. Guidebook to Data Communications, Training Man- 
ual, Hewlett-Packard 5955-1715. 
5. "Serial Backplane 
Suits 
Multiprocessor Architec- 


tures", Mike Webb, Computer Design, July 1984, pp. 
85-96. 
6. "Serial Bus Simplifies Distributed Control': 
P.D. 


MacWilliams, 
Control Engineering, June 1984, pp. 


101-104. 


7. "Chips Support 
Two Local Area Networks': 
Bob 
Dahlberg, Computer Design, May 1984, pp. 107-114. 


8. "Build a VLSI-based Workstation for the Ethernet 


Environment': Mike Webb. EDN, 23 February 1984. 
pp.297-307. 


9. "Networking With the 8044", Young Sohn & Charles 


Gopen, Digital Design, May 1984, pp. 136-137. 


A critical design consideration is time to market. Intel 
provides a sophisticated set of design tools to speed 
hardware and software development time of 8044 based 
products. These include ICE-44, ASM-5I, PLIM-5I, 
and EMV-44. 


Figure 5. RUPI·44 
Development 
Support 


Configuration 
Intellec System, ICETM-44 Buffer 


Box, and ICE·44 Module 
Plugged 


Into a User Prototype 
Board 


A primary tool is the 8044 In Circuit Emulator, called 4 
ICE-44. See Figure 5. In conjunction with Intel's Intel- 
lec Microprocessor Development System, the ICE-44 
emulator allows hardware and software development to 
proceed interactively. This approach is more effective 
than the traditional method of independent hardware 
and software development followed by system integra- 
tion. With the ICE-44 module, prototype hardware can 
be added to the system as it is designed. Software and 
hardware integration occurs while the product is being 
developed. 


The ICE-44 emulator assists four stages of develop- 
ment: 
I) Software Debugging 


It can be operated without being connected to the 
user's system before any of the user's hardware is 
available. In this stage ICE-44 debugging capabilities 
can be used in conjunction with the Intellec text edi- 
tor and 8044 macroassembler to facilitate program 
development. 


2) Hardware Development 
The ICE-44 module's precise emulation characteris- 
tics and full-speed program RAM make it a valuable 
tool for debugging hardware, including the time-crit- 
ical SDLC serial port, parallel port, and timer inter- 
faces. 


:J} "y.u:rn Imegrauon 
Integration 
of software and hardware 
can begin 
when any functional element of the user system 
hardware is connected to the 8044 socket. As each 
section of the user's hardware is completed, it is add- 
ed to the prototype. Thus, each section of the hard- 
ware and software is system tested in real-time oper- 
ation as it becomes available. 


4) System Test 
When the user's prototype is complete, it is tested 
with the final version of the user system software. 
The ICE-44 module is then used for real-time emula- 
tion of the 8044 to debug the system as a completed 
unit. 
The final product verification test may be performed 
using the 8744 EPROM version of the 8044 micro- 
computer. Thus, the ICE-44 module provides the 
user with the ability to debug a prototype or produc- 
tion system at any stage in its development. 


A conversion kit, ICE-44 CON, is available to upgrade 
an ICE-51 module to ICE-44. 


Intel's ASM-5l 
Assembler supports the 8044 special 
function registers and assembly program development. 
PL/M-5l 
provides designers with a high leve1language 
for the 8044. Programming in PL/M 
can greatly re- 
duce development time, and ensure quick time to mar- 
ket. 


These tools have recently been expanded with the addi- 
tion of the EMV-44CON. This conversion kit allows 
you to convert an EMV-5l into an EMV-44 emulation 
vehicle. The resultant low cost emulator is designed for 
use with an iPDS Personal Development System, which 
also supports the ASM-5l assembler and PL/M-51. See 
Figure 6. 


Emulation support is similar to the ICE-44 with sup- 
port for Software and Hardware Development, System 


Figure 6. RUPI-44 iPDS Personal Development 


System, EMV-44 Buffer Box, and EMV-44 Module 


Plugged into a User Prototype Board 


Integration, and System Test. The iPDS's rugged porta- 
bility and ease of use also make it an Ideal system for 
production tests and field service of your finished de- 
sign. In addition, the iPDS offers EPROM program- 
ming module for the 8744, and direct communications 
with the 8044-based BITBUS via an optional iSBX-344 
distributed control module. 


Intel provides 8051 training to its customers through 
the 5-day 8051 workshop. Familiarity with the 8051 
and 8044 is achieved through a combination of lecture 
and laboratory exercises. 


For designers not familtar with the 8051, the workshop 
is an effective way to become proficient with the 8051 
architecture and capabilities. 
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The 8044 is based on the 8051 core. The 8044 replaces 
the 8051's serial port with an intelligent HDLC/SDLC 
controller called the Serial Interface or SIU. Thus the 
differences between the two result from the 8044's in- 
creased on-chip RAM (192 bytes) and additional spe- 
cial function registers necessary to control the SIU. 
Aside from the increased memory, the SIU itself, and 
differences in 5 pins (for the serial port), the 8044 and 
8051 are compatible. 


This chapter describesthe differencesbetween the 8044 
and 8051. Information pertaining to the 8051 core, ego 
instruction set, port operation, EPROM programming, 
etc. is located in the 8051 sections of this manual. 


A block diagram of the 8044 is shown in Figure 1.The 
pinpoint is shown on the inside front cover. 


1.0 MEMORY 
ORGANIZATION 
OVERVIEW 


The 8044 maintains separate address spaces for Pro- 
gram Memory and Data Memory. The Program Mem- 
ory can be up to 64K bytes long, of which the lowest 
4K bytes are in the on-chip ROM. 


If the EA pin is held high, the 8044 executes out of 
internal ROM unlwess the Program Counter exceeds 
OFFFH. 
Fetches 
from 
locations 
lOOOH through 
FFFFH are directed to external Program Memory. 


If the EA pin is held low, the 8044 fetches all instruc- 
tions from external Program Memory. 


The Data Memory consists of 192 bytes of on-chip 
RAM, plus 35 Special Function Registers, in addition 
to which the device is capable of accessing up to 64K 
bytes of external data memory. 


The Program Memory uses 16-bitaddresses. The exter- 
nal Data Memory can use erither 8-bit or 16-bit ad- 
dresses. The internal Data Memory uses 8-bit address- 
es, which provide a 256-location address space. The 
lower 192addresses accessthe on-chip RAM. The Spe- 
cial Function Registers occupy various locations in the 
upper 128bytes of the same address space. 


The lowest 32 bytes in the internal RAM (locations 00 
through IFH) are divided into 4 banks of registers, 
each bank consisting of 8 bytes. Anyone of these banks 
can be selected to be the "working registers" of the 
CPU, and can be accessed by a 3-bit address in the 


same byte as the opcode of an instruction. Thus, a large 
number of instructions are one-byte instructions. 


The next higher 16 bytes of the internal RAM (loca- 
tions 20H through 2FH) have individually addressable 
bits. These are provided for use as software flags or for 
one-bit (Boolean) processing. This bit-addressing capa- 
bility is an important feature of the 8044. In addition to 
the 128individually addressable bits in RAM, twelve of 
the Special Function Registers also have individually 
addressable bits. 


The Special Function Registers are as follows: 
• 
ACC 
Accumulator (A Register) 
• 
B 
B Register 
PSW 
Program Status Word 
SP 
Stack Pointer 
DPTR 
Data Pointer (consisting of DPH 
AND DPL) 
• 
PO 
Port 0 
• 
PI 
Port I 
• 
P2 
Port 2 
• 
• 
P3 
Port 3 
~ 
IP 
Interrupt Priority 
IE 
Interrupt Enable 
TMOD 
Timer/Counter Mode 
• 
TCON 
Timer/Counter Control 
THO 
Timer/Counter 0 (high byte) 
TLO 
Timer/Counter 0 (low byte) 
THI 
Timer/Counter I (high byte) 
TLI 
Timer/Counter I (low byte) 
SMD 
Serial Mode 
• 
STS 
Status/Command 
• 
NSNR 
Send/Receive Count 
STAD 
Station Address 
TBS 
Transmit Buffer Start Address 
TBL 
Transmit Buffer Length 
TCB 
Transmit Control Byte 
RBS 
Receive Buffer Start Address 
RBL 
Receive Buffer Length 
RFL 
Received Field Length 
RCB 
Received Control Byte 
DMA CNT 
DMA Count 
FIFO 
FIFO (three bytes) 
SIUST 
SIU State Counter 
PCON 
Power Control 


The registers marked with • are both byte- and bit-ad- 
dressable. 
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External Interrupt 
control bits ITO and ITI 
are in 
TCON.O and TCON.2, respectively. Reset leaves all 
flags inactive, with ITO and ITI cleared. 
The Stack Pointer is 8 bits wide. The stack can reside 
anywhere in the 192 bytes of on-chip RAM. When the 
8044 is reset, the stack pointer is initialized to 07H. 
When executing a PUSH or a CALL, the stack pointer 
is incremented before data is stored, so the stack would 
begin at location 08H. 


All the interrupt flags can be set or cleared by software, 
with the same effect as by hardware. 


The Enable and Priority Control Registers are shown 
below. All of these control bits are set or cleared by 
software. All are cleared by reset. 


IE: Interrupt 
Enable 
Register 
(bit-addressable) 


Bit: 
7 
6 
5 
4 
3 
2 
1 
0 


Source 
Request 
Flag 
Location 


External Interrupt 0 
INTO, if ITO = 0 
P3.2 
lEO, if ITO = I 
TCON.I 
where: 


Timer 0 Overflow 
TFO 
TCON.5 
eEA 


External Interrupt I 
INT!, if IT! 
0 
P3.3 
IEI, if IT! = I 
TCON.3 
e ES 


Timer I Overflow 
TFI 
TCON.7 


Serial Interface Unit 
SI 
STS.4 
eETI 


disables all interrupts. If EA = 0, no interrupt 
will be acknowledged. If EA = I, each inter- 
rupt source is individually enabled or disabled 
by setting or clearing its enable bit. 
enables or disables the Serial Interface Unit in- 
terrupt. If ES = 0, the Serial Interface Unit 
interrupt is disabled. 
enables or disables the Timer 1 Overflow inter- 
rupt. If ET! 
= 0, the Timer I interrupt 
is 


disabled. 


• 


• EXI 
enables 
or disables 
External 
Interrupt 
I. If 
EXI 
= 0, External 
Interrupt 
I IS disabled 


• ETO 
enables or dIsables the Timer 0 Overflow inter- 
rupt. 
If ETO = O. the Timer 
0 interrupt 
is 
disabled. 


IP: Interrupt Priority Register (bit-addressable) 


Bit: 
7 
6 
5 
4 
3 
2 
1 
0 


where: 


• PS 
defines the Serial Interface 
Unit interrupt 
pri- 


ority level. PS = I programs 
it to the higher 
priority 
level. 


• PTI 
defines 
the Timer 
I interrupt 
priority 
level. 


PTI 
= I programs 
it to the higher 
priority 
level. 


• PX I 
defines 
the External 
Interrupt 
priority 
level. 


PX I = 
I programs 
it to the higher 
priority 
level. 


• PTO 
defines 
the Timer 
0 interrupt 
priority 
level. 


PTO = 
I programs 
it to the higher 
priority 
level. 


• PXO 
defines the External 
Interrupt 
0 priority 
level. 


PXO = I programs 
it to the higher 
priority 
level. 


2.0 
MEMORY 
ORGANIZATION 
DETAILS 


In the 8044 family the memory 
is organized 
over three 
address 
spaces and the program 
counter. 
The memory 
spaces shown in Figure 2 are the: 


• 
64K-byte 
Program 
Memory 
address 
space 


• 
64K-byte 
External 
Data Memory 
address 
space 


• 
320-byte Internal 
Data Memory 
address 
space 


The 16-bit Program 
Counter 
register provides the 8044 
with 
its 
64K 
addressing 
capabilities. 
The 
Program 
Counter 
allows the user to execute calls and branches 
to any 
location 
within 
the Program 
Memory 
space. 
There 
are no instructions 
that permit 
program 
execu- 
tion to move from the Program 
Memory 
space to any 
of the data memory 
spaces. 


In the 8044 and 8744 the lower 4K of the 64K Program 
Memory 
address 
space is filled by internal 
ROM 
and 
EPROM, 
respectively. 
By tying the EA pin high, the 
processor 
can 
be forced 
to 
fetch 
from 
the 
internal 
ROM/EPROM 
for 
Program 
Memory 
addresses 
0 
through 
4K. 
Bus 
expansion 
for 
accessmg 
Program 
Memory beyond 4K ISautomatic 
smce external instruc- 
tion 
fetches 
occur 
automatically 
when 
the 
Program 
Counter 
increases above 4095 
If the EA pin is tied low 


all Program 
Memory 
fetches are from external 
memo- 
ry. The executIOn speed of the 8044 is the same regard- 
less of whether 
fetches 
are from 
intcrnal 
or external 
Program 
Memory. 
If all program 
storage 
is on-chip, 


byte location 
4095 should be left vacant to prevent 
an 
undesired 
prefetch from external 
Program 
Memory 
ad- 
dress 4096. 


Certain 
locations 
in Program 
Memory 
are reserved for 
specific programs. 
Locationsססoo through 
0002 are re- 
served for the initialization 
program. 
Following 
reset, 
the CPU always begins execution 
at locationססOO. Lo- 
cations 0003 through 
0042 are reserved for the five in- 
terrupt-request 
service 
programs. 
Each 
resource 
that 
can request 
an interrupt 
requires 
that 
its service pro- 
gram be stored at its reserved location. 


The 64K-byte 
External 
Data Memory 
address 
space is 
automatically 
accessed when the MOVX 
Instruction 
IS 
executed. 


Functionally 
the Internal 
Data 
Memory 
is the most 
flexible of the address spaces. The Internal 
Data Mem- 
ory space is subdivided 
into a 256-byte 
Internal 
Data 


RAM 
address 
space and a 128-byte Special FunctIOn 


Register address 
space as shown in Figure 
3. 
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The Internal Data RAM address space is a to 255. 
Four 8-Register Banks occupy locations a through 31. 
The stack can be located anywhere in the Internal Data 
RAM address space. In addition, 128 bit locations of 
the on-chip RAM are accessible through Direct Ad- 
dressing. These bits reside in Internal Data RAM at 
byte locations 32 through 47. Currently locations a 
through 191 of the Internal Data RAM address space 
are filled with on-chip RAM. 


The stack depth is limited only by the available Internal 
Data RAM, thanks to an 8-bit reloadable Stack Point- 
er. The stack is used for storing the Program Counter 
during subroutine calls and may be used for passing 
parameters. Any byte of Internal Data RAM or Special 
Function Register accessiblethough Direct Addressing 
can be pushed/popped. 


The Special Function Register address space is 128 to 
255. All registers except the Program Counter and the 
four 8-Register Banks reside here. Memory mapping 
the Special Function Registers allows them to be ac- 
cessed as easily as internal RAM. As such, they can be 
operated on by most instructions. In the overlapping 
memory space (address 128-191),indirect addressing is 
used to access RAM, and direct addressing is used to 


ARITHMETIC REGISTERS: 
Accumulator', B register', 
Program Status Word' 
POINTERS: 
Stack Pointer, Data Pointer (high & low) 
PARALLEL I/O PORTS: 
Port 3', Port 2*, Port 1', Port 0' 
INTERRUPT SYSTEM: 
Interrupt Priority Control', 
Interrupt Enable Control' 
TIMERS: 
Timer Mode, Timer Control', Timer 1 
(high & low), Timer 0 (high & low) 
SERIAL INTERFACE UNIT: 
Transmit Buffer Start, 
Transmit Buffer Length, 
Transmit Control Byte, 
Send Count Receive Count', 
DMA Count, 
Station Address 
Receive Field Length 
Receive Buffer Start 
Receive Buffer Length 
Receive Control Byte, 
Serial Mode, 
Status Register.' 


'Bits in these registers are bit addressable. 


access the SFR's. The SFR's at addresses 192-255 are 
also accessed using direct addressing. The Special 
Function Registers are listed in Figure 4. Their map- 
ping in the Special Function Register address space is 
shown in Figures 5 and 6. 


Performing a read from a location of the Internal Data 
memory where neither a byte of Internal Data RAM 
(i.e., RAM addresses 192-255)nor a Special Function 
Register exists will access data of indeterminable value. 


Architecturally, each memory space is a linear se- 
quence of 8-bit wide bytes. By Intel convention the 
storage of multi-byte address and data operands in pro- 
gram and data memories is the least significant byte at 
the low-order address and the most significant byte at 
the high-order address. Within byte X, the most signifi- 
cant bit is represented by X.7 while the least significant 
bit is x.a. Any deviation from these conventions will be 
explicitly stated in the text. 


There are five methods of addressing source operands. 
They are Register Addressing, Direct Addressing, 
Register-Indirect Addressing, Immediate Addressing 


ARITHMETIC REGISTERS: 
Accumulator', B register', 
Program Status Word' 
POINTERS: 
Stack Pointer, Data Pointer (high & low) 
PARALLEL I/O PORTS: 
Port 3', Port 2*, Port 1', Port 0' 
INTERRUPT SYSTEM: 
Interrupt Priority Control", 
Interrupt Enable Control' 
TIMERS: 
Timer Mode, Timer Control', Timer 1 
(high & low), Timer 0 (high & low) 
SERIAL INTERFACE UNIT: 
Serial Mode, Status/Command', 
Send/Receive Count', Station Address, 
Transmit Buffer Start Address, 
Transmit Buffer Length, 
Transmit Control Byte, 
Receive Buffer Start Address, 
Receive Buffer Length, 
Receive Field Length, 
Receive Control Byte, 
DMA Count, 
FIFO (three bytes), 
SIU Controller State Counter 
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and 
Base-Register-plus 
Index-Register-Indirect 
Ad- 
dressing. The first three of these methods can also be 
used to address a destination operand. Since operations 
in the 8044 require 0 (NOP only), I, 2, 3 or 4 operands, 
these five addressing methods are used in combinations 
to provide the 8044 with its 21 addressing modes. 


Most instructions have a "destination, 
source" field 
that specifies the data type, addressing methods and 
operands involved. For operations other than moves, 
the destination operand is also a source operand. For 
example, in "subtract-with-borrow 
A, # 5" the A regis- 
ter receives the result of the value in register A minus 5, 
minus C. 


Most operations involve operands that are located in 
Internal Data Memory. The selection of the Program 
Memory space or External Data Memory space for a 
second operand is determined by the operation mne- 
monic unless it is an immediate operand. The subset of 
the Internal Data Memory being addressed is deter- 
mined by the addressing method and address value. For 
example, the Special Function Registers can be ac- 
cessed only through Direct Addressing with an address 
of 128-255. A summary of the operand addressing 
methods is shown in Figure 6. The following para- 
graphs describe the five addressing methods. 


Register Addressing permits access to the eight regis- 
ters (R7-RO) of the selected Register Bank (RB). One of 
the four 8-Register Banks is selected by a two-bit field 
in the PSW. The registers may also be accessed through 
Direct Addressing and Register-Indirect 
Addressing, 
since the four Register Banks are mapped into the low- 
est 32 bytes of internal Data RAM as shown in Figures 
9 and 10. Other Internal Data Memory locations that 
are addressed as registers are A, B, C, AB and DPTR. 


Direct Addressing provides the only means of accessing 
the memory-mapped byte-wide Special Function Regis- 
ters and memory mapped bits within the Special Func- 
tion Registers and Internal Data RAM. Direct Ad- 
dressing of bytes may also be used to access the lower 
128 bytes of Internal Data RAM. Direct Addressing of 
bits gains access to a 128 bit subset of the Special Func- 
tion Registers as shown in Figures 5, 6, 9, and 10. 


SYMBOLIC 
BYTE 
REGISTER NAMES 
ADDRESS 
BIT ADDRESS 
ADDRESS 
,....-"----, 


B REGISTER 
B 
247 
through 
240 
240 
(FOH) 
ACCUMULATOR 
ACC 
231 
224 
224 
(EOH) 
"THREE 
IIYTE FIFO 
FIFO 
223 
(DFH) 
FIFO 
222 
(DEH) 
FIFO 
221 
(DOH) 
TRANSMIT 
BUFFER START 
TBS 
220 
(DCH) 
TRANSMIT 
BUFFER LENGTH 
TBL 
219 
(DBH) 
TRANSMIT 
CONTROL BYTE 
TCB 
218 
(DAH) 
"SIU STATE COUNTER 
SIUST 
211 
(08H) 
SEND COUNT RECEIVE COUNT 
NSNR 
223 
218 
(09H) 


PROGRAM STATUS WORD 
PSW 
215 
208 
(DOH) 


"DMACOUNT 
DMA CNT 
207 
(CFH) 
STATION ADDRESS 
STAD 
208 
(CEH) 
RECEIVE FIELD LENGTH 
RFL 
205 
(CDH) 
RECEIVE BUFFER START 
RBS 
204 
(CCH) 
RECEIVE BUFFER LENGTH 
RBL 
203 
(CBH) 
SFR', 
CONTAINING 
RECEIVE CONTROL BYTE 
RCB 
202 
(CAH) 
DIRECT ADDRESSABLE BITS 
SERIAL MODE 
SMD 
201 
(C9H) 
STATUS REGISTER 
STS 
200 
(CSH) 
INTERRUPT PRIORITY CONTROL 
IP 
184 
(88H) 
PORT 3 
P3 
176 
(IIOH) 
INTERRUPT ENABLE CONTROL 
IE 
188 
(ASH) 
PORT 2 
P2 
180 
(AOH) 
PORT 1 
Pl 
144 
(8OH) 


TIMER HIGH 1 
THl 
141 
(8DH) 


TIMER HIGH 0 
THO 
140 
(8CH) 
TIMER LOW 1 
TLl 
139 
(8BH) 


TIMER LOW 0 
TLO 
138 
(8AH) 
TIMER MODE 
TMOD 
137 
(88H) 
TIMER CONTROL 
TCON 
143 
138 
138 
(88H) 
DATA POINTER HIGH 
DPH 
131 
(83H) 
DATA POINTER LOW 
DPL 
130 
(82H) 
STACK POINTER 
SP 
121 
(81H) 
PORT 0 
PO 
135 
128 
128 
(80H) 


296164-4 


Figure 6. Mapping of Special Function 
Registers 
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240 
F7 
FO 


224 
E7 
EO 
ACC 


NS2 
SEA 


216 
OF 
08 
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CY 
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204 
07 
DO 
PSW 


T8F 
A8P 


200 
CF 
C8 
STS 


PXO 


184 
88 
lP 


176 
87 
80 
P3 


EA 
EXO 


168 
AF 
A8 
1E 


160 
A7 
AO 
P2 


144 
97 
90 
Pl 


TF1 
ITO 


136 
8F 
88 
TCON 


128 
87 
80 
PO 


Figure 7. Special Function Register Bit Address 
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• Register Addressing 
R7-RO 
A, B, C (bit), AB (two bytes), DPTR (double 
byte) 


• Direct Addressing 
Lower 128 bytes of Internal Data RAM 
Special Function Registers 
128 bits in subset of Special Function Register 
address space 


• Register-Indirect Addressing 
Internal Data RAM [@Rl, @RO,@SP (PUSH 
and POP only)] 
Least 
Significant 
Nibbles 
in Internal 
Data 
RAM (@Rl, @RO) 
External Data Memory (@Rl, @RO,@DPTR) 


• Immediate Addressing 
- 
Program Memory (in-code constant) 


• Base-Register-plus Index-Register-Indirect 
Ad- 
dressing 
Program Memory (@ DPTR + A, @ PC + A) 


Figure 8. Operand Addressing Methods 
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Figure 10. Addressing Operands 


In Internal Data Memory 


•• 


Register-Indirect 
Addressing using the content of Rl 
or RO in the selected Register Bank, or using the con- 
tent of the Stack Pointer (PUSH and POP only), ad- 
dresses the Internal Data RAM. RegIster-Indirect Ad- 
dressing is also used for accessing the External Data 
Memory. In this case, either RI or RO in the selected 
Register Bank may be used for accessing locations 
within a 256-byte block. The block number can be pre- 
selected by the contents of a port. The 16-bit Data 
Pointer may be used for accessing any location within 
the full 64K external address space. 


Reset is accomplished by holding the RST pin high for 
at least two machine cycles (24 oscillator periods) while 
the oscillator 
is running. 
The CPU responds by execut- 
ing an internal reset. It also configures the ALE and 
PSEN pins as inputs. (They are quasi-bidirectional.) 
The internal reset is executed during the second cycle in 
which RST is high and is repeated every cycle until 
RST goes low. It leaves the internal registers as follows: 
Register 
Content 
PC 
OOOOH 
A 
OOH 
B 
OOH 
PSW 
OOH 
SP 
07H 
DPTR 
OOOOH 
PO-P3 
OFFH 
IP 
(XXXOOOOO) 
IE 
(OXXOOOOO) 
TMOD 
OOH 
TCON 
OOH 
THO 
OOH 
TLO 
OOH 
TH1 
OOH 
TL1 
OOH 
SMD 
OOH 
STS 
OOH 
NSNR 
OOH 
STAD 
OOH 


TBS 
TBL 
TCB 
RBS 
RBL 
RFL 
RCB 
DMACNT 
FIF01 
FIF02 
FIF03 
SIWST 
PCON 


OOH 
OOH 
OOH 
OOH 
OOH 
OOH 
OOH 
OOH 
OOH 
OOH 
OOH 
01H 
(OXXXXXXX) 


The internal RAM is not affected by reset. When YCC 
is turned on, the RAM content is indeterminate unless 
YPD was applied prior to YCC being turned off (see 
Power Down Operation.) 


4.0 
RUPI-44 
FAMILY 
PIN 
DESCRIPTION 


YCC: Supply voltage during 
programming 
(of the 
8744), verification (of the 8044 or 8744), and normal 
operation. 


Port 0: Port 0 is an 8-bit open drain bidirectional I/O 
port. It is also the multiplexed low-order address and 
data bus during accessses to external memory (during 
which accesses it activates internal pullups). It also out- 
puts instruction bytes during program verification. (Ex- 
ternal 
pullups 
are required 
during 
program 
verifi- 
cation.) Port 0 can sink eight LS TTL inputs. 


Port 1: Port I is an 8-bit bidirectional I/O port with 
internal pullups. It receives the low-order address byte 
during program verification in the 8044 or 8744. Port I 
can sink/source four LS TTL inputs, It can drive MOS 
inputs without external pullups. 


Two of the Port 
pins serve alternate functions, as 


listed below: 


Port Pin 
Alternate 
Function 
RTS (Request to Send). In a non-loop configu- 
ration, RTS signals that the 8044 is ready to 
transmit data. 


intel~ 


8044AH/8344AH/8744H 
HIGH PERFORMANCE 8-BIT MICROCONTROLLER 
WITH ON-CHIP SERIAL COMMUNICATION 
CONTROLLER 


• 8044AH-lncludes 
Factory 
Mask Programmable 
ROM 
• 8344AH-For 
Use with External 
Program 
Memory 
• 8744H-lncludes 
User Programmable/Eraseable 
EPROM 


8051 MICROCONTROLLER 
CORE 
SERIAL INTERFACE 
UNIT (SIU) 
• Optimized 
for Real Time Control 
12 
• Serial Communication 
Processor 
that 
MHz Clock, Priority 
Interrupts, 
32 
Operates 
Concurrently 
to CPU 
Programmable 
I/O Lines, Two 
16·bit 
• 2.4 Mbps Maximum 
Data Rate 
Timer /Counters 


Boolean 
Processor 
• 375 Kbps using On-Chip 
Phase Locked 
• 
Loop 
• 4K x 8 ROM, 192 x 8 RAM 
• Communication 
Software 
in Silicon: 
• 64K Accessible 
External 
Program 
- 
Complete 
Data Link Functions 
Memory 
- 
Automatic 
Station 
Response 
• 64K Accessible 
External 
Data Memory 
• Operates 
as an SDLC Primary 
or 
• 4 fJ-sMultiply and Divide 
Secondary 
Station 


The RUPI-44 
family 
integrates 
a high performance 
8-bit Microcontroller, 
the Intel 8051 Core, with an Intelli- 
4 


gent/high 
performance 
HDLC/SDLC 
serial communication 
controller, 
called 
the Serial 
Interface 
Unit (SIU). 


See Figure 1 This dual architecture 
allows complex 
control 
and high speed data communication 
functions 
to 
be realized 
cost effectively. 


Specifically, 
the 8044's 
Microcontroller 
features: 
4K byte On-Chip 
program 
memory 
space; 
32 I/O 
lines; two 
16-bit timer/event 
counters; 
a 5-source; 
2-level 
interrupt 
structure; 
a full duplex 
serial 
channel; 
a Boolean 
processor; 
and on-Chip oscillator 
and clock circuitry. 
Standard 
TIL 
and most byte-oriented 
MCS-80 and MCS- 
85 peripherals 
can be used for I/O amd memory 
expansion. 


The Serial Interface 
Unit (SIU) manages 
the interface 
to a high speed serial link. The SIU offloads 
the On-Chip 
8051 
Microcontroller 
of communication 
tasks, 
thereby 
freeing 
the CPU to concentrate 
on real time control 
tasks. 


The RUPI-44 family consists 
of the 8044, 8744, and 8344. All three devices 
are identical 
except 
in respect 
of 
on-chip 
program 
memory. 
The 8044 
contains 
4K bytes 
of mask-programmable 
ROM. 
User programmable 
EPROM 
replaces 
ROM in the 8744. The 8344 addresses 
all program 
memory 
externally. 


The RUPI-44 
devices 
are fabricated 
with Intel's 
reliable + 5 volt, silicon-gate 
HMOSII 
technology 
and pack- 
aged In a 40-pin 
DIP. 


The 
8744H 
is available 
in a hermetically 
sealed, 
ceramiC, 
40-lead 
dual 
in-line 
package 
which 
includes 
a 
window 
that allows for EPROM erasure when exposed 
to ultraviolet 
light (See Erasure Characteristics). 
During 
normal operation, 
ambient 
light may adversely 
affect the functionality 
of the chip. Therefore 
applications 
which 
expose 
the 8744H 
to ambient 
light may require an opaque 
labe! over the window. 


8044's Dual Controller 
Architecture 


HOLC/ 


SOLC 
port 


+ 5V power 
supply 
during operation 
and program 
verification. 


PORT 0 
Port 0 is an 8-bit open drain bidirectional 
I/O port. 
It is also 
the 
multiplexed 
low-order 
address 
and 
data bus when 
using external 
memory. 
It is used 


for data output 
during 
program 
verification. 
Port 0 
can sink/source 
eight LS TIL 
loads (six in 8744). 


PORT 
1 


Port 1 is an 8-bit quasi-bidirectional 
I/O 
port. It is 


used 
for the 
low-order 
address 
byte 
during 
pro-. 


gram verification. 
Port 1 can sink/source 
four 
LS 


TIL 
loads. 


In non-loop 
mode two of the I/O lines serve alter- 


nate functions: 


- 
RTS (P1.6). Request-to-Send 
output. 
A low in- 


dicates 
that the RUPI-44 
is ready to transmit. 


CTS (P1.7) Clear-to-Send 
input. A low indicates 


that a receiving 
station 
is ready to receive. 


Port 2 is an 8-bit quasi-bidirection 
I/O port. It also 
emits the high-order 
address 
byte when accessing 


external 
memory. 
It is used for the high-order 
ad- 


dress and the control 
signals during program 
verifi- 


cation. 
Port 2 can sink/source 
four LS TIL 
loads. 


Port 3 is an 8-bit quasi-bidirectional 
I/O port. It also 
contains 
the 
interrupt, 
timer, 
serial 
port 
and 
RD 
and WR pins that are used by various options. 
The 
output latch corresponding 
to a secondary 
function 
must be programmed 
to a one (1) for that function 
to operate. 
Port 3 can 
sink/source 
four 
LS LTT 


loads. 


In addition 
to I/O, 
some of the pins also serve al- 


ternate 
functions 
as follows: 


I/O 
RxD (P3.0). 
In point-to-point 
or multipoint 
configurations, 
this pin controls 
the direction 
of 
pin P3.1. Serves as Receive 
Data input in loop 
and diagnostic 
modes. 


• 


DATA TxD (P3.1) In point-to-point 
or multipoint 


configurations, 
this pin functions 
as data input! 


output. 
In loop mode, it serves 
as transmit 
pin. 


A 
'0' 
written 
to 
this 
pin 
enables 
diagnostic 


mode. 


- 
INTO (P3.2). 
Interrupt 
0 input 
or gate 
control 


input for counter 
O. 


- 
INT1 
(P3.3). 
Interrupt 
1 input 
or gate 
control 


input for counter 
1. 


- 
TO (P3.4). Input to counter 
O. 


- 
SCLK T1 (P3.5). In addition 
to I/O, this pin pro- 


vides input to counter 
1 or serves as SCLK (se- 


rial clock) 
input. 


WR (P3.6). The write control 
signal latches 
the 


data 
byte from 
Port 0 into the 
External 
Data 


Memory. 


- 
RD (P3.7). The read control 
signal enables 
Ex- 


ternal 
Data Memory 
to Port O. 


A high on this pin for two machine 
cycles while the 


oscillator 
is running 
resets the device. 
A small ex- 


ternal 
pulldown 
resistor 
(:::: 8.2Ko') 
from 
RST 
to 


Vss 
permits 
power-on 
reset 
when 
a 
capacitor 


(:::: 1OJLf)is also connected 
from this pin to Vcc' 


Provides 
Address 
Latch 
Enable 
output 
used 
for 


latching 
the address 
into external 
memory 
during 


normal operation. 
It is activated 
every six oscillator 


periods except during an external 
data memory 
ac- 


cess. 
It also receives 
the program 
pulse input for 


programming 
the EPROM version. 


The Program 
Store Enable output 
is a control 
sig- 


nal that enables 
the external 
Program 
Memory 
to 


the bus during external 
fetch 
operations. 
It is acti- 


vated 
every 
six oscillator 
periods, 
except 
during 


external 
data 
memory 
accesses. 
Remains 
high 


during internal 
program 
execution. 


EA/VPP 


When 
held at a TTL high level, the RUPI-44 
exe- 


cutes instructions 
from the internal 
ROM when the 


PC is less than 
4096. 
When 
held 
at a TTL 
low 


level, the RUPI-44 fetches 
all instructions 
from ex- 


ternal 
Program 
Memory. 
The pin also receives 
the 


21 V EPROM 
programming 
supply 
voltage 
on the 


8744. 


Input to the oscillator's high gain amplifier. Re- 
quired when a crystal is used. Connect to VSS 
when external source is used on XTAL 2. 


Output from the oscillator's amplifier. Input to the 
internal timing circuitry. A crystal or external source 
can be used. 
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Figure 
2. Logic 
Symbol 
Figure 
3A. DIP Pin Configuration 


""': 
"l ~ -: 
C! u 
oC! 
N '" 
CL 
CL 
CL 
CL 
CL 
•.....• 
00 
ci 
ci 
ci 
z 
> 
a- 
a- 
a- 
a- 


Pl.5 
7 
PO.• 


P1.6 
8 
PO.5 


Pl.7 
9 
PO.6 


RSTjVPD 
10 
PO.7 


P3.0 
11 
EA 


N/C 
12 
80 •• 
N/C 


P3.1 
13 
83 •• 
ALE 


P3.2 
1. 
PSEN 


P3.3 
15 
P2.7 


P3A 
16 
P2.6 


P3.5 
P2.5 


<D 
•... 
N ::i 
"'u 
0 N 
N 
'" 
... 
,,; 
,,; 
..J 
>l/)~ 
~ 
N N N 
« ~ 
a- 
a- 
a- 
,.... 
a- 
a- 
a- 
x 
x 
231663-21 


Figure 
38. PLCC Pin Configuration 
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The 8044 integrates 
the powerful 
8051 microcontrol- 
ler with an intelligent 
Serial Communication 
Control- 
ler to provide 
a single-chip 
solution 
which 
will effi- 
ciently 
implement 
a distributed 
processing 
or distrib- 
uted 
control 
system. 
The 
microcontroller 
is a self- 
sufficient 
unit containing 
ROM, 
RAM, ALU, and its 
own 
peripherals. 
The 
8044's 
architecture 
and 
in- 
struction 
set are identical 
to the 8051 'so The 8044 
replaces 
the 8051 's serial 
interface 
with an intelli- 
gent 
SDLC/HDLC 
Serial 
Interface 
Unit 
(SIU). 
64 
more 
bytes of RAM have been added 
to the 8051 
RAM array. The SIU can communicate 
at bit rates up 
to 2.4 M bps. The SIU works 
concurrently 
with the 
Microcontroller 
so that there is no throughput 
loss in 
either 
unit. Since the SIU possesses 
its own intelli- 
gence, the CPU is off-loaded 
from many of the com- 
munications 
tasks, thus dedicating 
more of its com- 
puting power to controlling 
local peripherals 
or some 
external 
process. 


The 
microcontroller 
is a stand-alone 
high-perform- 
ance 
single-chip 
computer 
intended 
for use in so- 
phisticated 
real-time 
application 
such as instrumen- 
tation, industrial 
control, 
and intelligent 
computer 
pe- 
ripherals. 


The major features 
of the microcontroller 
are: 


• 
8-bit CPU 


• 
on-chip 
oscillator 


• 
110 
HDlC/SDlC 
SERIAL 
COMMUNICA nONS 


• 
4K bytes of ROM 


• 
192 bytes of RAM 


• 
32 I/O lines 


• 
64K address 
space for external 
Data Memory 


• 
64K address 
space for external 
Program 
Memory 


• 
two fully programmable 
16-bit timer/counters 


• 
a five-source 
interrupt 
structure 
with two priority 
levels 


• 
bit addressability 
for Boolean 
processing 
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Table 2. MCS@·51 Instruction 
Set Description 


Mnemonic 
Description 
Byte 
Cyc 
Mnemonic 
Description 
Byte 
Cyc 


ARITHMETIC 
OPERATIONS 
ARITHMETIC 
OPERATIONS 
(Continued) 
ADD 
A,Rn 
Add register to 
SUBB 
A,@Ri 
Subtract 
indirect 
Accumulator 
RAM from A with 
ADD 
A,direct 
Add direct byte 
Borrow 
to Accumulator 
2 
SUBB 
A,#data 
Subtract 
immed 
ADD 
A,@Ri 
Add indirect 
data from A with 
RAM to 
Borrow 
2 
Accumulator 
INC 
A 
Increment 
ADD 
A,#data 
Add immediate 
Accumulator 
data to 
INC 
Rn 
Increment 
Accumulator 
2 
register 
ADDC 
A,Rn 
Add register to 
INC 
direct 
Increment 
direct 
Accumulator 
byte 
2 
with Carry 
INC 
@Ri 
Increment 
ADDC 
A,direct 
Add direct byte 
indirect RAM 
to A with Carry 
INC 
DPTR 
Increment 
Data 
flag 
2 
Pointer 
2 
ADDC 
A,@Ri 
Add indirect 
DEC 
A 
Decrement 
RAM to A with 
Accumulator 
Carry flag 
DEC 
An 
Decrement 
ADDC 
A,#data 
Add immediate 
register 
data to A with 
DEC 
direct 
Decrement 
Carry flag 
2 
direct byte 
2 
SUBB 
A,Rn 
Subtract 
register 
DEC 
@Ri 
Decrement 
from A with 
indirect RAM 
1 
Borrow 
MUL 
AB 
Multiply A & B 
4 
~UBB 
A,direct 
Subtract 
direct 
DIV 
AB 
Divide A by B 
4 
byte from A with 
DA 
A 
Decimal Adjust 
Borrow 
2 
Accumulator 


• 
1 fJ-sinstruction 
cycle time for 60% of the instruc- 
tions 
2 fJ-s instruction 
cycle 
time for 40% 
of the 
instructions 


• 
4 fJ-scycle time for 8 by 8 bit unsigned 
Multiply/ 
Divide 


INTERNAL 
DATA 
MEMORY 


Functionally 
the 
Internal 
Data 
Memory 
is the most 
flexible 
of the 
address 
spaces. 
The 
Internal 
Data 
Memory 
space is subdivided 
into a 256-byte 
Internal 
Data 
RAM 
address 
space 
and 
a 128-bit 
Special 
Function 
Register 
address 
space as shown in Figure 
5. 


The Internal 
Data RAM address 
space 
is 0 to 255. 


Four 8-Register 
Banks 
occupy 
locations 
0 through 
31. The stack can be located 
anywhere 
in the Inter- 
nal Data 
RAM 
address 
space. 
In addition, 
128 bit 


locations 
of the on-chip 
RAM are accessible 
through 
Direct Addressing. 
These bits reside in Internal 
Data 
RAM at byte locations 
32 through 
47. Currently 
loca- 


tions 
0 through 
191 of the 
Internal 
Data 
RAM ad- 
dress space are filled with on-chip 
RAM. 


The 8044 
has 32 general-purpose 
I/O 
lines which 
are arranged 
into four 
groups 
of eight 
lines. 
Each 
group 
is called 
a port. 
Hence 
there 
are four 
ports; 


Port 0, Port 1, Port 2, and Port 3. Up to five lines 
from 
Port 3 are dedicated 
to supporting 
the 
serial 
channel 
when the SIU is invoked. 
Due to the nature 
of the serial port, two of Port 3's I/O lines (P3.0 and 
P3.1) 
do 
not 
have 
latched 
outputs. 
This 
is true 
whether 
or not the serial channel 
is used. 


Port 0 and Port 2 also have an alternate 
dedicated 
function. 
When placed in the external 
access 
mode, 


Port 0 and Port 2 become 
the means 
by which 
the 
8044 communicates 
with external 
program 
memory. 


Port 0 and Port 2 are also the means 
by which 
the 
8044 communicates 
with external 
data memory. 
Pe- 
ripherals 
can be memory 
mapped 
into the address 
space and controlled 
by the 8044. 


Mnemonic 
Description 
Byte 
Cyc 
Mnemonic 
Description 
Byte 
Cyc 


LOGICAL 
OPERATIONS 
LOGICAL 
OPERATIONS 
(Continued) 


ANL 
A,Rn 
AND register to 
RL 
A 
Rotate 
Accumulator 
Accumulator 
ANL 
A,direct 
AND direct byte 
Left 
to Accumulator 
2 
RLC 
A 
Rotate A Left 


ANL 
A,@RI 
AND indirect 
through the 
RAM to 
Carry flag 
Accumulator 
RR 
A 
Rotate 
ANL 
A,#data 
AND immediate 
Accumulator 
data to 
Right 
Accumulator 
2 
RRC 
A 
Rotate A Right 


ANL 
direct,A 
AND 
through 
Carry 
Accumulator 
to 
flag 
direct byte 
2 
1 
SWAP A 
Swap nibbles 
ANL 
direct,#data 
AND immediate 
within the 
data to direct 
Accumulator 
byte 
3 
2 
DATA TRANSFER 
ORL 
A,Rn 
OR register to 
MOV 
A,Rn 
Move register to 
Accumulator 
Accumulator 
ORL 
A,direct 
OR direct byte to 
MOV 
A,direct 
Move direct byte 
Accumulator 
2 
to Accumulator 
2 
ORL 
A,@Ri 
OR indirect RAM 
MOV 
A,@RI 
Move indirect 
to Accumulator 
RAM to 
ORL 
A,#data 
OR immediate 
Accumulator 
data to 
MOV 
A,#data 
Move immediate 
Accumulator 
2 
data to 
ORL 
direct,A 
OR Accumulator 
Accumulator 
2 
to direct byte 
2 
MOV 
Rn,A 
Move 
ORL 
direct, # data 
OR immediate 
Accumulator 
to 
data to direct 
register 
byte 
3 
2 
MOV 
Rn,direct 
Move direct byte 
XRL 
A,Rn 
Exclusive-OR 
to register 
2 
2 
register to 
MOV 
Rn,#data 
Move immediate 
Accumulator 
data to register 
2 
XRL 
A,direct 
Exclusive-OR 
MOV 
direct,A 
Move 
direct byte to 
Accumulator 
to 
Accumulator 
2 
direct byte 
2 
XRL 
A,@RI 
Exclusive-OR 
MOV 
direct,Rn 
Move register to 
indirect 
RAM to 
direct byte 
2 
2 
A 
MOV 
direct,direct 
Move direct byte 
XRL 
A,#data 
Exclusive-OR 
to direct 
3 
2 
immediate 
data 
MOV 
direct,@Ri 
Move indirect 
toA 
2 
RAM to direct 
XRL 
direct,A 
Exclusive-OR 
byte 
2 
2 


Accumulator 
to 
MOV 
direct,#data 
Move immediate 
direct byte 
2 
data to direct 
XRL 
direct,#data 
Exclusive-OR 
byte 
3 
2 
immediate 
data 
MOV 
@Ri,A 
Move 
to direct 
3 
2 
Accumulator 
to 
CLR 
A 
Clear 
indirect RAM 
Accumulator 
MOV 
@Ri,direct 
Move direct byte 
CPL 
A 
Complement 
to indirect 
RAM 
2 
2 
Accumulator 


·~UIII" 
U"';""fI"on 
DyUl\ .•yC 
MnemOniC 
Description 
Byte 
Cyc 


DATA TRANSFER 
(Continued) 
BOOLEAN 
VARIABLE 
MANIPULATION 
MOV 
@Ri,#data 
Move immediate 
(Continued) 
data to indirect 
ANL 
C,Ibit 
AND 
RAM 
2 
complement 
of 
MOV 
DPTR, # data 16 Load Data 
direct bit to 
Pointer with a 
Carry 
2 
2 
16-bit constant 
3 
2 
ORL 
C/bit 
OR direct bit to 
MOVCA,@A + DPTR 
Move Code byte 
Carry flag 
2 
2 
relative to DPTR 
ORL 
C,Ibit 
OR complement 
toA 
2 
of direct bit to 
MOVCA,@A+PC 
Move Code byte 
Carry 
2 
2 
relative to PC to 
MOV 
C,Ibit 
Move direct bit 
A 
2 
to Carry flag 
2 
MOVXA,@Ri 
Move External 
MOV 
bit,C 
Move Carry flag 
RAM (8-bit addr) 
to direct bit 
2 
2 
to A 
2 
MOVXA,@DPTR 
Move External 
PROGRAM 
AND MACHINE 
CONTROL 
RAM (16-bit 
ACALL 
addr11 
Absolute 
addr) to A 
2 
Subroutine 
Call 
2 
2 
MOVX@Ri,A 
Move A to 
LCALL 
addr16 
Long Subroutine 
External RAM 
Call 
3 
2 
(8-bit addr) 
2 
RET 
Return from • 


MOVX @DPTR,A 
Move A to 
subroutine 
2 
External RAM 
RETI 
Return from 
(16-bit) addr 
2 
interrupt 
1 
2 
PUSH direct 
Push direct byte 
AJMP 
addr11 
Absolute 
Jump 
2 
2 
onto stack 
2 
2 
LJMP 
addr16 
Long Jump 
3 
2 
POP 
direct 
Pop direct byte 
SJMP 
rei 
Short Jump 
from stack 
2 
2 
(relative addr) 
2 
2 
XCH 
A,Rn 
Exchange 
JMP 
@A+ DPTR 
Jump indirect 
register with 
relative to the 
Accumulator 
DPTR 
2 
XCH 
A,direct 
Exchange 
direct 
JZ 
rei 
Jump if 
byte with 
Accumulator 
is 
Accumulator 
2 
Zero 
2 
2 
XCH 
A,@Ri 
Exchange 
JNZ 
rei 
Jump if 
indirect 
RAM 
Accumulator 
is 
with A 
Not Zero 
2 
2 
XCHDA,@Ri 
Exchange 
low- 
JC 
rei 
Jump if Carry 
order Digit ind 
flag is set 
2 
2 
RAMwA 
JNC 
rei 
Jump if No Carry 
flag 
2 
2 
BOOLEAN 
VARIABLE 
MANIPULATION 
JB 
bit, rei 
Jump if direct Bit 
CLR 
C 
Clear Carry flag 
1 
set 
3 
2 
CLR 
bit 
Clear direct bit 
2 
JNB 
bit,rel 
Jump if direct Bit 
SETB 
C 
Set Carry Flag 
1 
Not set 
3 
2 
SETB 
bit 
Set direct Bit 
2 
JBC 
bit,rel 
Jump if direct Bit 
CPL 
C 
Complement 
is set & Clear bit 
3 
2 
Carry Flag 
CJNE 
A,direct,rel 
Compare 
direct 
CPL 
bit 
Complement 
to A & Jump if 
direct bit 
2 
Not Equal 
3 
2 
ANL 
C,bit 
AND direct bit to 
CJNE 
A,#data,rel 
Comp, immed. 
Carry flag 
2 
2 
to A & Jump if 
Not Equal 
3 
2 
I 


4-25 


Table 2. MCS@-51Instruction 
Set Description 
(Continued) 


Mnemonic 
Description 
Byte Cyc 


PROGRAM 
AND MACHINE 
CONTROL 
(Continued) 
CJNE Rn,#data,rel 
Comp, immed, 
to reg & Jump if 
Not Equal 


CJNE @Ri,#data, 
rei Comp, immed, 
to indo & Jump if 
Not Equal 
Decrement 
register & Jump 
if Not Zero 
Decrement 
direct & Jump if 
Not Zero 
No operation 


Notes on data addressing 
modes: 
Rn 
- 
Working 
register 
RO-R7 
direct 
- 
128 internal 
RAM locations, 
any I/O 
port, control 
or status register 
- 
Indirect 
internal 
RAM 
location 
ad- 
dressed 
by register 
RO or R1 


The 8044 contains 
two 16-bit counters 
which can be 
used for measuring 
time intervals, 
measuring 
pulse 
widths, 
counting 
events, 
generating 
precise 
periodic 
interrupt 
requests, 
and clocking 
the serial communi- 
cations. 
Internally 
the Timers are clocked 
at 1/12 
of 
the crystal 
frequency, 
which 
is the instruction 
cycle 
time. Externally 
the counters 
can run up to 500 KHz. 


External 
events and the real-time 
driven on-chip 
pe- 
ripherals 
require 
service 
by the CPU asynchronous 
to the execution 
of any particular 
section of code. To 
tie the asynchronous 
activities 
of these functions 
to 
normal 
program 
execution, 
a sophisticated 
multiple- 
source, 
two priority 
level, nested 
interrupt 
system 
is 
provided. 
Interrupt 
response 
latency 
ranges 
from 3 
!-'-sec to 7 !-'-sec when using a 12 MHz clock. 


All five interrupt 
sources 
can be mapped 
into one of 
the two priority 
levels. 
Each interrupt 
source 
can be 
enabled 
or disabled 
individually 
or the entire 
inter- 


rupt system 
can 
be enabled 
or disabled. 
The five 
interrupt 
sources 
are: Serial Interface 
Unit, Timer 
1, 


Timer 
2, and two 
external 
interrupts. 
The 
external 


interrupts 
can be either level or edge triggered. 


Notes on data addressing 
modes: 


(Continued) 
#data 
- 
8-bit constant 
included 
in instruction 
# data 16 - 
16-bit constant 
included 
as bytes 
2 
& 3 of instruction 
- 
128 software 
flags, any I/O pin, con- 


troll or status bit 


Notes on program 
addressing 
modes: 
addr16 
- 
Destination 
address 
for 
LCALL 
& 
LJMP 
may be anywhere 
within 
the 
64-K 
program 
memory 
address 
space 
Addr11 
- 
Destination 
address 
for 
ACALL 
& 
AJMP 
will 
be within 
the 
same 
2-K 
page of program 
memory 
as the first 
byte of the following 
instruction 
- 
SJMP 
and all conditional 
jumps 
in- 
clude 
an 8-bit offset 
byte, 
Range 
is 
+ 127 
-128 
bytes 
relative 
to first 
byte of the following 
instruction 


All mnemonic 
copyrighted@ 
Intel Corporation 
1979 


Serial Interface Unit (SIU) 


The 
Serial 
Interface 
Unit is used 
for 
HDLC/SDLC 
communications. 
It handles 
Zero Bit Insertion/Dele- 
tion, 
Flags 
automatic 
access 
recognization, 
and 
a 
16-bit cyclic 
redundancy 
check. 
In addition 
it imple- 
ments 
in hardware 
a subset 
of the SDLC 
protocol 
certain 
applications 
it is advantageous 
to have the 
CPU control 
the reception 
or transmission 
of every 
single frame. For this reason the SIU has two modes 
of operation: 
"AUTO" 
and "FLEXIBLE" 
(or "NON- 
AUTO"). 
It is in the AUTO 
mode 
that 
the SIU re- 


sponds 
to SDLC frames 
without 
CPU intervention; 


whereas, 
in the 
FLEXIBLE 
mode 
the 
reception 
or 
transmission 
of every single frame will be under CPU 
control. 


There are three control 
registers 
and eight parame- 
ter registers 
that are used to operate 
the serial inter- 


face. These registers 
are shown in Figure 5 and Fig- 
ure 6. The control 
register 
set the modes 
of opera- 


tion 
and 
provide 
status 
information. 
The 
eight 
pa- 
rameter 
registers 
buffer the station 
address, 
receive 
and transmit 
control 
bytes, and point to the on-chip 
transmit 
and receive 
buffers. 


Data to be received 
or transmitted 
by the SIU must 
be buffered 
anywhere 
within 
the 
192 bytes 
of on- 
chip RAM. Transmit 
and receive 
buffers 
are not al. 
lowed 
to "wrap 
around" 
in RAM; a "buffer 
end" 
is 
generated 
after address 
191 is reached. 


B REGISTER 
ACCUMULATOR 
'THREE 
IIYTE FIFO 


TRANSMIT 
BUFFER START 
TRANSMIT 
BUFFER LENGTH 
TRANSMIT 
CONTROL BYTE 


• SIU STATE COUNTER 
SEND COUNT RECEIVE COUNT 
PROGRAM STATUS WORD 
'DMA 
COUNT 
STATION ADDRESS 
RECEIVE FielD 
LENGTH 
RECEIVE BUFFER START 
RECEIVE BUFFER LENGTH 
RECEIVE CONTROL 
BYTE 
SERIAL MODE 
STATUS REGISTER 
INTERRUPT PRIORITY CONTROL 
PORT 3 
INTERRUPT ENABLE CONTROL 
PORT 2 
PORT 1 
TIMER HIGH 1 
TIMER HIGH 0 
TIMER LOW 1 
TIMER LOW 0 
TIMER MODE 
TIMER CONTROL 
DATA POINTER HIGH 
DATA POINTER LOW 
STACK POINTER 
PORT 0 


SYMBOLIC 
ADDRESS 
,.--"--, 


B 
ACC 
FIFO 
FIFO 
FIFO 
TBS 
TBL 
TCB 
SIUST 
NSNR 
PSW 
DMA CNT 
STAD 
RFL 
RBS 
RBL 
RCB 
SMD 
STS 
IP 
P3 
IE 
P2 
P1 
TH1 
THO 
Tl1 
TLO 
TMOD 
TCON 
DPH 
DPL 
SP 
PO 


2<60 
(FOH) 
224 
IEOH) 
223 
IDFH) 
222 
(DEH) 
221 
IDDH) 
220 
(DCH) 
219 
IDBH) 
218 
(DAH) 
217 
(09H) 
216 
(DlIH) 
208 
IOOH) 
207 
(CFH) 
206 
(CEH) 
205 
ICDH) 
204 
(CCH) 
203 
ICBH) 
202 
ICAH) 
201 
IC9H) 
200 
IC8H) 
184 
(B8H) 
176 
(BOH) 
168 
(A8H) 
160 
(AOH) 
144 
(90H) 
141 
(8DH) 
1<60 
18CH) 
139 
(8BH) 
138 
(8AH) 
137 
(89H) 
136 
(88H) 
131 
(83H) 
130 
(82H) 
129 
(81H) 
128 
(80H) 


NOTE: 
-ICE Support 
Hardware 
registers. 
Under 
normal 
operating 
conditions 
there 
is no need for the CPU to access 
these 
registers. 


NO FRAME CHECK SEQUENCE 
NON·BUFFERED 
PRE·FRAME nNC 
LOOP 
NON RETURN TO ZERO INVERTED 
SELECT CLOCK MODE 


RECEIVE BUFFER PROTECT 
AUTO MODE/ADDRESSED 
MODE 
OPTIONAL POLL BIT 
RECEIVE INFORMATION 
BUFFER OVERRUN 
SERIAL INTERFACE UNIT INTERRUPT 
REQUEST TO SEND 
RECEIVE BUFFER EMPTY 
TRANSMIT BUFFER FULL 


SEQUENCE ERROR RECEIVED 
RECEIVE SEQUENCE COUNTER 
SE~UENCE 
ERROR SEND 
SEND SEQUENCE COUNTER 


• 


With 
the addition 
of only a few bytes of code, 
the 
8044's 
frame 
size 
is not 
limited 
to the 
size of Its 
internal 
RAM (192 bytes), 
but rather 
by the size of 
external 
buffer 
with 
no degradation 
of the 
RUPl's 
features 
(e.g. NRZI. zero bit insertion/deletinn, 
ad- 
dress 
recognition, 
cyclic 
redundancy 
check). 
There 
is a special 
function 
register 
called 
SIUST 
whose 
contents 
dictates 
the operation 
of the SIU. At low 
data rates, one section 
of the SIU (the Byte Proces- 
sor) 
performs 
no function 
during 
known 
Intervals. 
For 
a 
given 
data 
rate, 
these 
intervals 
(stand-by 
mode) 
are fixed. The above 
characteristics 
make it 
possible 
to program 
the CPU to move data to/from 
external 
RAM and to force the SIU to perform 
some 
desired 
hardware 
tasks while transmission 
or recep- 
tion is taking 
place. With these 
modifications, 
exter- 
nal RAM can be utilized 
as a transmit 
and received 
buffer 
instead 
of the internal 
RAM. 


In the AUTO 
mode the SIU implements 
in hardware 
a subset of the SOLC protocol 
such that it responds 
to many SOLC frames 
without 
CPU intervention. 
All 
AUTO 
mode 
responses 
to the 
primary 
station 
will 
comform 
to IBM's SOLC definition. 
The advantages 
of the AUTO mode are that less software 
is required 
to implement 
a secondary 
station, 
and the hardware 
generated 
response 
to polls is much faster than do- 
ing it in software. 
However, 
the Auto mode can not 
be used at a primary 
station. 


To transmit 
in the AUTO 
mode the CPU must load 
the 
Transmit 
Information 
Buffer, 
Transmit 
Buffer 
Start 
register, 
Transmit 
Buffer 
Length 
register, 
and 
set the Transmit 
Buffer Full bit. The SIU automatical- 
ly responds 
to a poll by transfTllttlng 
an Information 


frame with the P/F bit in the control 
field set. When 
the SIU receives 
a positive 
acknowledgement 
from 
the primary 
station, 
it automatically 
increments 
the 
Ns 
field 
in the 
NSNR 
register 
and 
interrupts 
the 
CPU. A negative 
acknowledgement 
would cause the 
SIU to retransmit 
the frame. 


To receive 
in the AUTO 
mode, 
the CPU loads the 
Receive 
Buffer 
Start 
register. 
the 
Receive 
Buffer 
Length 
register, 
clears 
the 
Receive 
Buffer 
Protect 
bit, and sets the Receive 
Buffer Empty bit. If the SIU 
is polled in this state, and the TBF bit indicates 
that 
the Transmit 
Buffer 
is empty, 
an automatic 
RR re- 
sponse 
will be generated. 
When a valid information 
frame 
is received 
the 
SIU will automatically 
incre- 


ment Nr in the NSNR register 
and interrupt 
the CPU. 


While in the AUTO mode the SIU can recognize 
and 
respond 
to the following 
commands 
without 
CPU in- 
tervention: 
I 
(Information), 
RR 
(Receive 
Ready), 
RNR 
(Receive 
Not 
Ready), 
REJ (Reject), 
and 
UP 
(Unnumbered 
Poll). The 
SIU can generate 
the fol- 


lowing 
responses 
without 
CPU intervention: 
I (Infor- 
mation), 
RR (Receive 
Ready), 
and 
RNR 
(Receive 
Not Ready). 


When the Receive 
Buffer Empty bit (RBE) indicates 
that the Receive 
Buffer is empty, the receiver 
is en- 
abled, 
and when the RBE bit indicates 
that the Re- 
ceive Buffer 
is full, the receiver 
is disabled. 
Assum- 
ing that 
the 
Receiver 
Buffer 
is empty, 
the SIU will 
respond 
to a poll with an I frame if the Transmit 
Buff- 
er is full. If the Transmit 
Buffer is empty, the SIU will 
respond 
to a poll with a RR command 
if the Receive 
Buffer Protect 
bit (RBP) is cleared, 
or an RNR com- 
mand if RBP is set. 


In the FLEXIBLE 
mode all communications 
are un- 
der control 
of the CPU. It is the CPU's 
task to en- 
code 
and decode 
control 
fields, 
manage 
acknowl- 
edgements, 
and adhere 
to the requirements 
of the 
HOLC/SOLC 
protocols. 
The 8044 can be used as a 
primary or a secondary 
station 
in this mode. 


To receive 
a frame in the FLEXIBLE 
mode, the CPU 
must load the Receive 
Buffer Start register, 
the Re- 
ceive Buffer Length register, 
clear the Receive 
Buff- 
er Protect 
bit, and set the Receive 
Buffer Empty bit. 


If a valid opening 
flag is received 
and the address 
field matches 
the byte in the Station 
Address 
regis- 
ter or the 
address 
field 
contains 
a broadcast 
ad- 
dress, the 8044 loads the control 
field in the receive 
control 
byte register, 
and loads the I field in the re- 
ceive buffer. 
If there 
is no CRC error, the SIU inter- 
rupts the CPU, indicating 
a frame 
has just been re- 
ceived. 
If there 
is a CRC error, no interrupt 
occurs. 
The Receive 
Field Length register provides 
the num- 
ber of bytes 
that 
were 
received 
in the 
information 
field. 


To transmit 
a frame, the CPU must load the transmit 
information 
buffer, the Transmit 
Buffer Start register, 
the 
Transmit 
Buffer 
Length 
register, 
the 
Transmit 
Control 
Byte, and set the TBF and the RTS bit. The 
SIU, unsolicited 
by an HOLC/SOLC 
frame, will trans- 
mit the 
entire 
information 
frame, 
and 
interrupt 
the 
CPU, Indicating 
the completion 
of transmission. 
For 
supervisory 
frames 
or 
unnumbered 
frames, 
the 
transmit 
buffer 
length would be O. 


The FCS register 
is initially set to all 1's prior to cal- 
culating 
the FCS field. The SIU will not interrupt 
the 
CPU if a CRC error occurs (in both AUTO and FLEX- 
IBLE modes). The CRC error is cleared 
upon receiv- 
ing of an opening 
flag. 


Frame Format Options 


In addition 
to the standard 
SOLC frame 
format, 
the 
8044 will support 
the frames 
displayed 
in Figure 
7. 
The standard 
SOLC frame is shown at the top of this 
figure. For the remaining 
frames the information 
field 
will incorporate 
the control 
or address 
bytes and the 
frame 
check 
sequences; 
therefore 
these 
fields 
will 


be stored 
in the Transmit 
and Receive 
buffers. 
For 
example, 
in the non-buffered 
mode the third byte is 
treated 
as the beginning 
of the information 
field. 
In 
the 
non-addressed 
mode, 
the information 
field 
be- 
gins after the opening 
flag. The mode bits to set the 
frame 
format 
options 
are found 
in the Serial 
Mode 
register 
and the Status register. 


FRAME OPTION 
NFCS 
NB 
AM1 
FRAME FORMAT 


Standard 
SOLC 
0 
0 
0 
~ 
I 
~ 
NON-AUTO 
Mode 
, 


Standard 
SOLC 
0 
0 
1 
~ 
I 
~ 
AUTO Mode 


Non-Buffered 
Mode 
0 
1 
1 ~I 
I 
~ 
NON-AUTO 
Mode 


Non-Addressed 
Mode 
0 
1 
0 ~I 
I 
~ 
NON-AUTO 
Mode 


No FCS Field 
1 
0 
0 
~ 
I 
CO 
NON·AUTO 
Mode 


No FCS Field 
1 
0 
1 ~I 
I 
CO 
AUTO Mode 


No FCS Field 
1 
1 
1 
~ 
I 
CO 
Non-Buffered 
Mode 
NON·AUTO 
Mode 


No FCS Field 
1 
1 
0 0 
I 
co=J 
Non-Addressed 
Mode 
NON-AUTO 
Mode 


Mode 
Bits: 
AM 
- 
"AUTO" Mode/Addressed Mode 
NB 
- 
Non-Buffered Mode 
NFCS - 
No FCS Field Mode 


Key to Abbreviations: 
F = Flag (01111110) 
I = Information Field 
A = Address Field 
FCS= Frame Check Sequence 


C = Control Field 


Note 
1: 


The AM bit function is controlled by the NB bit. When NB = 
0, AM becomes AUTO mode select, when NB = 
1, AM 
becomes Address mode select. 


• 


To realize an extended 
control 
field or an extended 
address 
field 
using the 
HDLC 
protocol, 
the 
FLEX- 
IBLE mode 
must be used. For an extended 
control 
field, the SIU is programmed 
to be in the non-buff- 
ered 
mode. 
The 
extended 
control 
field 
will be the 
first and second 
bytes in the Receive 
and Transmit 
Buffers. 
For extended 
addressing 
the SIU is placed 
in the non-addressed 
mode. 
In this mode the CPU 
must implement 
the address recognition 
for received 
frames. 
The addressing 
field will be the initial bytes 
in the Transmit 
and Receive 
buffers followed 
by the 
control 
field. 


The SIU can transmit 
and receive only frames which 
are multiples 
of 8 bits. For frames 
received 
with oth- 
er than 
8-bit 
multiples, 
a CRC error 
will cause 
the 
SIU to reject the frame. 


The SIU can be used in an SDLC loop as a second- 
ary or primary station. When the SIU is placed in the 
Loop mode it receives 
the data on pin 10 and trans- 
mits the data one bit time delayed 
on pin 11. It can 
also recognize 
the Go ahead 
signal 
and change 
it 
into a flag when it is ready to transmit. 
As a second- 
ary station 
the 
SIU can 
be used 
in the 
AUTO 
or 
FLEXIBLE 
modes. 
As a primary 
station 
the 
FLEX- 
IBLE mode is used; however, 
additional 
hardware 
is 
required 
for generating 
the Go Ahead 
bit pattern. 
In 
the 
Loop 
mode 
the maximum 
data rate is 1 Mbps 
clocked 
or 375 Kpbs self-clocked. 


The SIU can be used in a SDLC non-loop 
configura- 
tion as a secondary 
or primary station. When the SIU 
is placed in the non-loop 
mode, data is received 
and 
transmitted 
on pin 11 
and pin 10 dnves 
a tri-state 
buffer 
In non-loop 
mode, 
modem 
interface 
pins, 
RTS and CTS, become 
available. 


The 8044's 
serial port can operate 
in an externally 
clocked 
or self Clocked 
system. 
A clocked 
system 
provides 
to the 8044 a clock 
synchronization 
to the 
data. A self-clocked 
system uses the 8044's 
on-chip 
Digital 
Phase 
Locked 
Loop 
(DPLL) 
to recover 
the 
clock from the data. and clock this data Into the Seri- 
al Receive 
Shift Register. 


In this mode, 
a clock 
synchronized 
with the data is 
externally 
fed into the 8044. ThiS clock 
may be gen- 
erated from an Extemal 
Phase Locked 
Loop 
or pos- 
sibly 
supplied 
along 
with 
the 
data. 
The 
8044 
can 


This self clocked 
mode allows 
data transfer 
without 
a common 
system 
data 
clock. 
An on-chip 
Digital 
Phase Locked 
Loop is employed 
to recover 
the data 
clock 
which 
is encoded 
in the 
data 
stream. 
The 
DPLL will converge 
to the nominal 
bit center 
within 
eight bit transitions, 
worst case. The DPLL requires a 
reference 
clock of either 
16 times (16x) or 32 times 
(32x) the data rate. This reference 
clock may be ex- 
ternally 
applied 
or internally 
generated. 
When 
inter- 
nally generated 
either the 8044's 
internal 
logic clock 
(crystal 
frequency 
divided 
by two) 
or the 
timer 
1 
overflow 
is used as the reference 
clock. 
Using the 
internal 
timer 
1 clock 
the data rates can vary from 
244 to 62.5 Kbps. Using the internal 
logic clock at a 
16x sampling 
rate, receive 
data can either be 187.5 
Kbps, or 375 Kbps. When the reference 
clock for the 
DPLL is externally 
applied 
the data rates 
can vary 
from 0 to 375 Kbps at a 16x sampling 
rate. 


To aid in a Phase Locked 
Loop capture, 
the SIU has 
a NRZI (Non Return to Zero Inverted) 
data encoding 
and decoding 
option. Additionally 
the SIU has a pre- 
frame 
sync option 
that transmits 
two bytes of alter- 
nating 
1's and O's to ensure that the receive 
station 
DPLL will be synchronized 
with the data by the time 
it receives 
the opening 
flag 


Control and Status Registers 


There are three SIU Control 
and Status 
Registers' 


Serial Mode Register 
(SMD) 


Status/Command 
Register 
(STS) 


Send/Receive 
Count Register 
(NSNR) 


The SMD, STS, and NSNR, registers 
are all cleared 
by system reset. This assures that the SIU will power 
up in an idle state 
(neither 
receiving 
nor transmit- 
ting) 


These 
registers 
and their 
bit assignments 
are de- 
scribed 
below. 


The Serial Mode Register 
(Address 
C9H) selects 
the 
operational 
modes 
of the SIU. The 8044 
CPU can 
both 
read and write 
SMD 
The SIU can read SMD 
but cannot 
write 
to it 
To prevent 
conflict 
between 
CPU and SIU access 
to SMD, the CPU should 
write 
SMD only 
when 
the 
Request 
To Send 
(RTS) 
and 


Receive 
Buffer 
Empty 
(RBE) bits (in the STS regis- 


ter) are both false 
(0). Normally, 
SMD is accessed 
only during initialization. 


The individual 
bits of the Serial Mode Register are as 
follows: 


Bit# 
Name 
Description 


SMD.O 
NFCS 
No FCS field in the SDLC frame. 


SMD.1 
NB 
Non-Buffered 
mode. No control 
field in the SDLC frame. 


SMD.2 
PFS 
Pre-Frame 
Sync mode. In this 
mode, the 8044 transmits 
two 
bytes before the first flag of a 
frame, for DPLL synchronization. 
If NRZI is enabled, 
OOHis sent; 


otherwise, 
55H is sent. In either 
case, 16 preframe 
transitions 
are 
guaranteed. 


SMD.3 
LOOP 
Loop configuration. 


SMD.4 
NRZI 
NRZI coding option. 
If bit = 1, 


NRZI coding is used. If bit = 0, 
then it is straight binary (NRZ). 


SMD.5 
SCMO 
Select Clock Mode-Bit 
0 


SMD.6 
SCM1 
Select Clock Mode-Bit 
1 


SMD.7 
SCM2 
Select Clock Mode-Bit 
2 


SCM 
Data Rate 


2 
1 
0 
Clock Mode 
(Bits/see)' 


0 
0 
0 
Externally 
clocked 
0-2.4M" 


0 
0 
1 
Reserved 


0 
1 
0 
Self clocked, 
timer overflow 
244-62.5K 


0 
1 
1 
Reserved 


1 
0 
0 
Self clocked, 
external 
16x 
0-375K 


1 
0 
1 
Self clocked, 
external 
32x 
0-187.5K 


1 
1 
0 
Self clocked, 
internal fixed 
375K 


1 
1 
1 
Self clocked, 
internal fixed 
187.5K 


NOTES: 
'Based 
on a 12 Mhz crystal 
frequency 


"0-1 
M bps in loop configuration 


The Status/Command 
Register 
(Address 
C8H) pro- 


vides 
operational 
control 
of the 
SIU 
by the 
8044 


CPU, and enables 
the SIU to post status information 
for the CPU's 
access. 
The SIU can read STS, and 
can alter certain 
bits, as indicated 
below. 
The CPU 
can both read and write STS asynchronously 
How- 


ever, 
2-cycle 
instructions 
that 
access 
STS 
during 


both cycles 
('JBC/B, 
REL' and 'MOV /B, C ') should 
not be used, 
since 
the 
SIU may write 
to STS be- 
tween the two CPU accesses. 


The individual 
bits of the Status/Command 
Register 
are as follows: 


Bit# 
Name 
Description 


STS.O 
RBP 
Receive 
Buffer Protect. 
Inhibits 
writing of data into the receive 
buffer. In AUTO mode, RBP 
forces an RNR response 
instead 
of an RR. 


STS.1 
AM 
AUTO Mode/Addressed 
Mode. 


Selects 
AUTO mode where 
AUTO mode is allowed. 
If NB is 
true, (= 1), the AM bit selects the 
addressed 
mode. AM may be 
cleared 
by the SIU. 


STS.2 
OPB 
Optional 
Poll Bit. Determines 
whether 
the SIU will generate 
an 
AUTO response 
to an optional 
poll (UP with P = 0). OPM may 
be set or cleared 
by the SIU. 


STS.3 
BOV 
Receive 
Buffer Overrun. 
BOV 
may be set or cleared 
by the SIU. 


STS.4 
SI 
SIU Interrupt. This is one of the 
five interrupt 
sources to the CPU. 
The vector 
location 
= 23H. SI 
may be set by the SIU. It should 
be cleared 
by the CPU before 
returning from an interrupt 
routine. 


STS.5 
RTS 
Request To Send. Indicates 
that 
the 8044 is ready to transmit 
or is 
transmitting. 
RTS may be read or 


written by the CPU. RTS may be 
read by the SIU, and in AUTO 
mode may be wntten by the SIU. 


STS.6 
RBE 
Receive 
Buffer Empty. RBE can 
be thought 
of as Receive 
Enable. 


RBE is set to one by the CPU 
when it IS ready to receive a 
frame, or has just read the buffer, 
and to zero by the SIU when a 
frame has been received. 


STS.7 
TBF 
Transmit 
Buffer Full. Written 
by 


the CPU to Indicate that It has 
filled the transmit 
buffer. TBF may 
be cleared 
by the SIU. 


• 


NSNR: Send/Receive 
Count Register 
(bit- 
addressable) 
Bit: 
7 
6 
4 


NS2 
NS1 


The 
Send/Receive 
Count 
Register 
(Address 
D8H) 
contains 
the 
transmit 
and 
receive 
sequence 
num- 
bers, plus tally error 
indications. 
The SIU can both 
read and write NSNR. The 8044 CPU can both read 
and write 
NSNR 
asynchronously. 
However, 
2-cycle 
instructions 
that 
access 
NSNR 
during 
both 
cycles 
('JBC 
/B, 
REL,' 
and 
'MOV 
/B,C') 
should 
not 
be 
used, since the SIU may write to NSMR between 
the 
two 8044 CPU accesses. 


The individual 
bits of the Send/Receive 
Count Reg- 
ister are as follows: 


Bit# 
Name 
Description 


NSNR.O 
SER 
Receive Sequence 
Error: 
NS (P) oF NR (S) 


NSNR.1 
NRO 
Receive Sequence 
Counter-Bit 
0 


NSNR.2 
NR1 
Receive Sequence 
Counter-Bit 
1 


NSNR.3 
NR2 
Receive Sequence 
Counter-Bit 
2 


NSNR.4 
SES 
Send Sequence 
Error: 
NR (P) oF NS (S) and 
NR (P) oF NS (S) + 1 


NSNR.5 
NSO 
Send Sequence 
Counter-Bit 
0 


NSNR.6 
NS1 
Send Sequence 
Counter-Bit 
1 


NSNR.7 
NS2 
Send Sequence 
C,ounter-Bit 
2 


There are eight parameter 
registers 
that are used in 
connection 
with 
SIU 
operation. 
All 
eight 
registers 
may be read or written 
by the 8044 CPU. RFL and 
RCB are normally 
loaded 
by the SIU. 


STAD: Station 
Address 
Register 
(byte-addressable) 


The 
Station 
Address 
register 
(Address 
CEH) 
con- 
tains the station 
address. 
To prevent 
acess conflict, 
the CPU should 
access 
STAD only when the SIU is 
idle (RTS 
= 0 and RBE = 0). Normally, 
STAD 
is 
accessed 
only during initialization. 


intel~ 


TBS: Transmit 
Buffer 
Start Address 
Register 
(byte-addressable) 


The Transmit 
Buffer Start address 
register 
(Address 
DCH) points to the location 
in on-chip 
RAM for the 
beginning 
of the I-field of the frame 
to be transmit- 
ted. The CPU should access TBS only when the SIU 
is not transmitting 
a frame 
(when TBF = 0). 


TBL: Transmit 
Buffer 
Length 
Register 
(byte 
= addressable) 


The Transmit 
Buffer 
Length 
register 
(Address 
DBH) 
contains 
the 
length 
(in bytes) 
of the 
I-field 
to 
be 
transmitted. 
A blank 
I-field 
(TBL = 0) is valid. The 
CPU should 
access 
TBL only when 
the SIU is not 
transmitting 
a frame 
(when TBF = 0). 


NOTE: 
The transmit 
and receive 
buffers 
are not allowed 
to 
"wrap 
around" 
in the on-chip 
RAM. A "buffer 
end" 
is automatically 
generated 
if address 
191 (BFH) 
is 
reached. 


TCB: Transmit 
Control 
Byte Register 
(byte-addressable) 


The Transmit 
Control 
Byte register 
(Address 
DAH) 
contains 
the byte which is to be placed in the control 
field 
of the 
transmitted 
frame, 
during 
NON-AUTO 
mode 
transmission. 
The 
CPU 
should 
access 
TCB 
only when the SIU is not transmitting 
a frame 
(when 
TBF = 0). The Nsand 
NR counters 
are not used in 
the NON-AUTO 
mode. 


RBS: Receive 
Buffer 
Start Address 
Register 
(byte-addressable) 


The Receive 
Buffer Start address 
register 
(Address 
CCH) points 
to the location 
in on-chip 
RAM where 
the 
beginning 
of the 
I-field 
of the frame 
being 
re- 
ceived 
is to be stored. 
The CPU should 
write 
RBS 
only when 
the SIU is not receiving 
a frame 
(when 
RBE = 0). 


RBL: Receive 
Buffer 
Length 
Register 
(byte-addressable) 


The Receive 
Buffer 
Length 
register 
(Address 
CBH) 
contains 
the length 
(in bytes) of the area in on-chip 
RAM 
allocated 
for the 
received 
I-field. 
RBL = 0 is 
valid. The CPU should write RBL only when RBE = O. 


RFL: Receive 
Field Length 
Register 
(byte-addressable) 


The 
Receive 
Field 
Length 
register 
(Address 
CDH) 
contains 
the length 
(in bytes) of the received 
I-field 
that has just been loaded 
into on-chip 
RAM. RFL is 
loaded 
by the SIU. RFL = 0 is valid. RFL should be 
accessed 
by the CPU only when RSE = O. 


RCB: Receive 
Control 
Byte Register 
(byte-addressable) 


The Received 
Control 
Syte register 
(Address 
CAH) 
contains 
the control 
field of the frame 
that has just 
been received. 
RCS is loaded 
by the SIU. The CPU 
can only 
read 
RCS, and 
should 
only 
access 
RCS 
when RBE = O. 


The 
8044 
In-Circuit 
Emulator 
(ICE-44) 
allows 
the 
user to exercise 
the 
8044 
application 
system 
and 
monitor 
the execution 
of instructions 
in real time. 


The emulator 
operates 
with Intel's 
Intellec 
develop- 
ment 
system. 
The 
development 
system 
interfaces 
with 
the 
user's 
8044 
system 
through 
an 
in-cable 
buffer box. The cable terminates 
in a 8044 pin-com- 
patible 
plug, which 
fits into the 8044 
socket 
in the 
user's 
system. 
With the emulator 
plug in place, the 
user can excercise 
his system 
in real time while col- 
lecting up to 255 instruction 
cycles of real-time 
data. 


In addition, 
he can single-step 
the program. 


Static RAM is available 
(in the in-cable 
buffer box) to 
emulate 
the 
8044 
internal 
and 
external 
program 
memory 
and 
external 
data 
memory. 
The 
designer 
can display 
and alter 
the contents 
of the 
replace- 
ment 
memory 
in the 
buffer 
box, 
the 
internal 
data 
memory, 
and the internal 
8044 
registers, 
including 
the SFR's. 


SIUST: SIU State Counter 
(byte-addressable) 


The SIU State 
Counter 
(Address 
D9H) reflects 
the 
state of the internal 
logic which is under SIU control. 


Therefore, 
care must be taken 
not to write into this 
register. 
This 
register 
provides 
a useful 
means 
for 
debugging 
8044 receiver 
problem . • 


ABSOLUTE 
MAXIMUM 
RATINGS'" 


Ambient 
Temperature 
Under Bias 
O·C to 70·C 


Storage Temperature 
- 65·C to -150·C 


Voltage 
on EA, VPP Pin to VSS 
- 0.5V to - 21.5V 


Voltage 
on Any Other Pin to VSS 
- 0.5V to - 7V 


Power Dissipation 
. 
2W 


NOTICE: This is a production data sheet. The specifi- 
cations are subject to change without notice. 


• WARNING: Stressing the device beyond the ''Absolute 
Maximum 
Ratings" 
may 
cause 
permanent 
damage. 


These are stress ratings only. Operation 
beyond 
the 
"Operating 
Conditions" 
is not recommended 
and ex- 


tended exposure 
beyond 
the 
"Operating 
Conditions" 


may affect device reliability. 


Symbol 
Parameter 
Min 
Max 
Unit 
Test Conditions 


VIL 
Input Low Voltage 
(Except EA Pin of 8744H) 
-0.5 
0.8 
V 


VIL1 
Input Low Voltage to EA Pin of 8744H 
0 
0.8 
V 


VIH 
Input High Voltage 
(Except XTAL2, RST) 
2.0 
VCC + 0.5 
V 


VIH1 
Input High Voltage to XTAL2, RST 
2.5 
VCC + 0.5 
V 
XTAL1 = VSS 


VOL 
Output 
Low Voltage 
(Ports 1,2, 3)' 
0.45 
V 
IOL = 1.6mA 


VOLl 
Output 
Low Voltage 
(Port O,ALE,PSEN)' 


8744H 
0.60 
V 
IOL = 3.2mA 
0.45 
V 
IOL = 2.4 mA 


8044AH/8344AH 
0.45 
V 
IOL = 3.2 mA 


VOH 
Output High Voltage 
(Ports 1, 2, 3) 
2.4 
V 
IOH = -80/-LA 


VOH1 
Output High Voltage 
(Port 0 in External 
2.4 
V 
IOH = -400/-LA 
Bus Mode, ALE, PSEN) 


ilL 
Logical 0 Input Current (Ports 1, 2, 3) 
-500 
/-LA 
Vin = 0.45V 


ilL 1 
Logical 0 Input Current to EA Pin 
-15 
mA 
of 8744H only 


IIL2 
Logical 0 Input Current (XTAL2) 
-3.6 
mA 
Vin = 0.45V 


III 
Input Leakage Current (Port 0) 
8744H 
±100 
/-LA 
0.45 < Vin < VCC 
8044AH/8344AH 
±10 
/-LA 
0.45 < Vin < VCC 


IIH 
Logical 1 Input Current to EA Pin of 8744H 
500 
/-LA 


IIH1 
Input Current to RST to Activate 
Reset 
500 
/-LA 
Vin < (VCC - 
1.5V) 


ICC 
Power Supply Current: 
All Outputs 
Discon- 
8744H 
285 
mA 
nected: 
EA = VCC 
8044AH/8344AH 
170 
mA 


CIO 
Pin Capacitance 
10 
pF 
Test Freq. = lMHz(1) 


'NOTES: 
1. Sampled not 100% tested. TA = 25°C. 
2. Capacitive loading on Ports 0 and 2 may cause spurious noise pulses to be superimposed on the VOLs of ALE and Ports 
1 and 3. The nOiseis due to external bus capacitance discharging into the Port 0 and Port 2 pin when these pins make 1-to- 
o transitions during bus operations. In the worst cases (capacitive loading> 
100 pF), the noise pulse on the ALE line may 
exceed O.BV.In such cases It may be desirable to qualify ALE with a Schmitt Trigger, or use an address latch with a Schmitt 
Trigger STROBE Input. 


A.C. CHARACTERISTICS 
TA = O·C to + 70·C, VCC = 5V ± 10%, VSS = OV, Load Capacitance 
for Port 0, ALE, and PSEN = 100 pF, 


Load Capacitance 
for All Other Outputs 
= 80 pF 


12 MHzOsc 
Variable 
Clock 


Symbol 
Parameter 
1/TCLCL 
= 3.5 MHz to 12 MHz 
Unit 


Min 
Max 
Min 
Max 


TLHLL 
ALE Pulse Width 
127 
2TCLCL-40 
ns 


TAVLL 
Address 
Valid to ALE Low 
43 
TCLCL-40 
ns 


TLLAX' 
Address 
Hold After ALE Low 
48 
TCLCL-35 
ns 


TLLlV 
ALE Low to Valid Instr in 
ns 
8744H 
183 
4TCLCL-150 
8044AH/8344AH 
233 
4TCLCL-100 


TLLPL 
ALE Low to PSEN Low 
58 
TCLCL-25 
ns 


TPLPH 
PSEN Pulse Width 
8744H 
190 
3TCLCL-60 
ns 
8044AH/8344AH 
215 
3TCLCL-35 
ns 


TPLIV 
PSEN Low to Valid Instr in 
8744H 
100 
3TCLCL-150 
ns 
8044AH/8344AH 
125 
3TCLCL-125 
ns 


TPXIX 
Input Instr Hold After PSEN 
0 
0 
ns 


TPXIZ2 
Input Instr Float After PSEN 
63 
TCLCL-20 
ns 


TPXAV2 
PSEN to Address 
Valid 
75 
TCLCL-8 
ns 


TAVIV 
Address 
to Valid Instr in 
8744H 
267 
5TCLCL-150 
ns 
8044AH/8344AH 
302 
5TCLCL-115 
ns 


TAZPL 
Address 
Float to PSEN 
-25 
-25 
ns 


NOTES: 
1. TLLAX 
for access 
to program 
memory 
is different 
from TLLAX 
for data memory. 


2. Interfacing 
RUPI-44 
devices 
with 
float 
times 
up to 75ns 
is permissible. 
This 
limited 
bus contention 
will 
not 
cause 
any 
damage 
to Port 0 drivers. 


• 


12 MHz Ose 
Variable 
Clock 


Symbol 
Parameter 
1/TCLCL 
= 3.5 MHz to 12 MHz 
Unit 


Min 
Max 
Min 
Max 


TRLRH 
RD Pulse Width 
400 
6TCLCL-100 
ns 


TWLWH 
WR Pulse Width 
400 
6TCLCL-100 
ns 


TLLAX 
Address 
Hold after ALE 
48 
TCLCL-35 
ns 


TRLDV 
RD Low to Valid Data in 
252 
5TCLCL-165 
ns 


TRHDX 
Data Hold After RD 
0 
0 
ns 


TRHDZ 
Data Float After RD 
97 
2TCLCL-70 
ns 


TLLDV 
ALE Low to Valid Data In 
517 
8TCLCL-150 
ns 


TAVDV 
Address 
to Valid Data In 
585 
9TCLCL-165 
ns 


TLLWL 
ALE Low to RD or WR Low 
200 
300 
3TCLCL-50 
3TLCLCL+50 
ns 


TAVWL 
Address 
to RD or WR Low 
203 
4TCLCL-130 
ns 


TOVWX 
Data Valid to WR Transition 
8744H 
13 
TCLCL-70 
ns 
8044AH/8344AH 
23 
TCLCL-60 
ns 


TOVWH 
Data Setup Before WR High 
433 
7TCLCL-150 
ns 


TWHOX 
Data Held After WR 
33 
TCLCL-50 
ns 


TRLAZ 
RD Low to Address 
Float 
25 
25 
ns 


TWHLH 
RD or WR High to ALE High 
8744H 
33 
133 
TCLCL-50 
TCLCL+50 
ns 
8044AH/8344AH 
43 
123 
TCLCL-40 
TCC.CL+50 
ns 


NOTE: 
1. TLLAX 
for access 
to program 
memory 
is different 
from TLLAX 
for access 
data memory. 


Symbol 
Parameter 
Min 
Max 
Unit 


TDCY 
Data Clock 
420 
ns 


TDCL 
Data Clock Low 
180 
ns 


TDCH 
Data Clock High 
100 
ns 


tTD 
Transmit 
Data Delay 
140 
ns 


tDSS 
Data Setup Time 
40 
ns 


tDHS 
Data Hold Time 
40 
ns 


PSEN 


RD 
• 


2.4==>:20 
2.0)<= 
TEST POINTS 
0.45 
_O_.~ 
O~.I 
j 


FLOAT t 
2.4 
2_.0 
------...2.0 
24 


0.45 
0.1 
0.1 
0.45 
231663-13 
AC testing 
inputs 
are driven 
at 2.4V for a Logic 
"1" 
and 0.45V 
for 
a Logic "0" Timing 
measurements 
are made 
at 2.0V for a Logic 


"1" 
and O.BV for a Logic "0". 


Variable 
Clock 
Symbol 
Parameter 
Freq = 3.5 MHz to 12 MHz 
Unit 
Min 
Max 


TCLCL 
Oscillator 
Period 
83.3 
285.7 
ns 


TCHCX 
High Time 
20 
TCLCL-TCLCX 
ns 


TCLCX 
Low Time 
20 
TCLCL-TCHCX 
ns 


TCLCH 
Rise Time 
20 
ns 


TCHCL 
Fall Time 
20 
ns 


I 


STATE 4 I 
STATE 5 I S"ATE 6 


Pl I P2 
Pl I P2 
Pl I P2 


STATE 1 


Pl I P2 


STATE 2 


Pl I P2 


STATE 3 


Pl I P2 


STATE 4 


Pl I P2 


STATE 5 


Pl I P2 


2'I 
I 
I_- 


THESE SIGNALS ARE NOT 
ACTIVATED DURING THE 
EXECUTION OF A MOVX INSTRUCTION 
____ 
I 
I'\.. 
I 
L 


P2(EXT) 


READ CYCLE 


RD 


OOHIS EMITTED 
PCL OUT (IF PROGRAM 
DURING THIS PERIOD 
MEMORY IS EXTERNAL) 


DP~3~ 
Ri f;-c( 
FLOAT S~b 
•n~ 


INDICATES DPH OR P2 SFR TO PCH TRANSITIONS 


IPCL OUT(EVEN IF PROGRAM 


------------ 
MEMORY IS INTERNAL) 


DATA OUT------.-B-,~. 
: tCL 
OUT ;I~OGRAM 
IMEMORY IS EXTERNAL) 
P2 


PORT OPERATION 


MOY PORT, SRC 
OLD DATAINEW DATA 


c:::::::J•.• 
•••--LPO 
PINS SAMPLED 


MOY DEST. PO 
.\. 
f---4! 


MOY DEST. PORT (Pl. P2. P3) 
POPINS SAMPLED 


(INCLUDES INTO.INTl. 
TO.Tl) ~---------------------F;==L 


Pl. P2. P3 PINS SAMPLED 
Pl. P2. P3 


SERIAL PORT SHIFT CLOCK 
PINS SAMPLED 


~~gDE 0) 
~-XD-S-AM-PL-E-D------- 
•••••---------~AMPLED 
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This diagram 
indicates 
when signals are clocked 
internally. 
The time it takes the signals 
to propagate 
to the 
pins, however, 
ranges from 25 to 125 ns. This propagation 
delay is dependent 
on variables 
such as tempera- 
ture and pin loading. 
Propagation 
also varies from output 
to output 
and component 
to component. 
Typically 
though, 
(TA = 25°C, fully loaded) AD and WA propagation 
delays are approximately 
50 ns. The other signals 
are typically 
85 ns. Propagation 
delays are incorporated 
in the AC specifications. 


Erasure of the 8744H Program Memory begins to 
occur when the chip is exposed to light with wave- 
lengths 
shorter 
than 
approximately 4,000 Ang- 


stroms. Since sunlight and fluorescent lighting have 
wavelengths in this range, constant exposure to 
these light sources over an extended period of time 
(about 1 week in sunlight, or 3 years in room-level 
fluorescent lighting) could cause unintentional era-' 
sure. If an application subjects the 8744H to this 
type of exposure, it is suggested that an opaque la- 
bel be placed over the window. 


The recommended erasure procedure is exposure 
to ultraviolet light (at 2537 Angstroms) to an integrat- 
ed dose of at least 15 W-secl cm2 rating for 20 to 30 
minutes, at a distance of about 1 inch, should be 
sufficient. 


Programming 
the EPROM 


To be programmed, the 8744H must be running with 
a 4 to 6 MHz oscillator. (The reason the oscillator 
needs to be running is that the internal bus is being 
used to transfer address and program data to appro- 
priate registers.) The address of an EPROM location 
to be programmed is applied to Port 1 and pins P2.0- 
P2.3 of Port 2, while the data byte is applied to Port 
O. Pins P2.4-P2.6and PSEN should be held low, and 
P2.7 and RST high. (These are all TIL levels except 
RST, which requires 2.5V for high.) EAIVPP is held 
normally high, and is pulsed to +21V. While EAI 
VPP is at 21V, the ALE/PROG pin, which is normally 
being held high, is pulsed low for 50 msec. Then 
EAIVPP is returned to high. This is illustrated in Fig- 


ure 8. Detailed timing specifications are provided in 
the EPROM Programming and Verification Charac- 
teristics section of this data sheet. 


Program Memory Security 


The program memory security feature is developed 
around a "security bit" in the 8744H EPROM array. 
Once this "hidden bit" is programmed, electrical ac- 
cess to the contents of the entire program memory 
array becomes impossible. Activation of this feature 
is accomplished by programming the 8744H as de- 
scribed in "Programming the EPROM" with the ex- 
ception that P2.6 is held at a TIL high rather than a 
TIL low. In addition, Port 1 and P2.0-P2.3 may be in 
any state. Figure 9 illustrates the security bit pro- 
gramming configuration. Deactivating the security 
feature, which again allows programmability of the 
EPROM, is accomplished by exposing the EPROM 
to ultraviolet light. This exposure, as described in 
"Erasure Characteristics," erases the entire EPROM 
array. Therefore, attempted retrieval of "protected 
code" results in its destruction. 


Program Memory may be read only when the "secu- 
rity feature" has not been activated. Refer to Figure 
10 for Program Verification setup. To read the Pro- 
gram Memory, the following procedure can be used. 
The unit must be running with a 4 to 6 MHz oscilla- 
tor. The address of a Program Memory location to 
be read is applied to Port 1 and pins P2.0-P2.3 of 
Port 2. Pins P2.4-P2.6 and PSEN are held at TIL 
low, while the ALE/PROG, RST, and EAIVPP pins 
are held at TIL high. (These are all TIL levels ex- 
cept RST, which requires 2.5V for high.) Port 0 will 
be the data output lines. P2.7 can be used as a read 
strobe. While P2.7 is held high, the Port 0 pins float. 
When P2.7 is strobed low, the contents of the ad- 
dressed location will appear at Port O. External pull- 
ups (e.g., 10K) are required on Port 0 during program 
verification. 
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RST 
VIH1 


PsEN 


NC 
P1 
1744H 


NC 
P2.0- 
P2.3 


P2.4 


P25 


P2.6 


TTL HIGH 
P27 
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P2.S 


P2.6 
PH 


XTAL2 


A: T TTL HIGH 


EA 


RST 
VIH1 


XTAL1 
PSJ[N 


VSS 
~ 


EPROM PROGRAMMING, 
SECURITY 
BIT PROGRAMMING 
AND VERIFICATION 
CHARACTERISTICS 
TA = 21°C to 27"C, vcc = 4.5V to 5.5V, vss = ov 


Symbol 
Parameter 
Mln 
Max 
Units 


Vpp 
Programming 
Supply Voltage 
20.5 
21.5 
V 


IPP 
Programming 
Current 
30 
mA 


1/TCLCL 
Oscillator 
Frequency 
4 
6 
MHz 


TAVGL 
Address 
Setup to PROG 
48TCLCL 


TGHAX 
Address 
Hold after PROG 
48TCLCL 


TDVGL 
Data Setup to PROG 
48TCLCL 


TGHDX 
Data Hold after PROG 
48TCLCL 


TEHSH 
ENABLE 
High to Vpp 
48TCLCL 


TSHGL 
Vpp Setup to PROO 
10 
J.tsec 


TGHSL 
Vpp Hold after PROO 
10 
J.tsec 


TGLGH 
PROOWidth 
45 
55 
msec 


TAVQV 
Address 
to Data Valid 
48TCLCL 


TELQV 
ENABLE to Data Valid 
48TCLCL 


TEHQZ 
Data Float after ENABLE 
0 
48TCLCL 
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T 


lAvpp 


ADDRESS 
ADDRESS 
\. 


TAVaV-- 


DATA IN 
\ 
DATA OUT 
r 
--- 
--I 
TDVGl 
TGHDX 
--- 
TAVGl 
TGHAX 
\ ----.J 


TSHGl 
TGHSl 


TGlGH 


21V 
.. 5V 


.~ 
\ 


TTl 
HIGH 
TTl 
HIGH 
TTl 
HIGH 


TEHSH 
- 
_ 
TEla 
V 
_ 
TEHaZ 
--- 
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)~ 
~ 
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82527 
SERIAL COMMUNICATIONS 
CONTROLLER 
CONTROLLER AREA NETWORK PROTOCOL 
Automotive 


• 
Programmable 
Bit Rate 


• 
Programmable 
Clock Output 


• 
Flexible 
Interrupt 
Structure 


• 
Flexible 
Status Interface 


• 
Configurable 
Output 
Driver 


• 
Configurable 
Input Comparator 


• 
Two 8-Bit Bidirectional 
I/O Ports 


• 
44-Lead 
PLCC Package 


• 
Pinout Compatibility 
with the 82526 


• 
Supports 
CAN Specification 
2.0 
- 
Standard 
Data and Remote 
Frames 
- 
Extended 
Data and Remote 
Frames 


• 
Programmable 
Global Mask 
- 
Standard 
Message 
Identifier 
- 
Extended 
Message 
Identifier 


• 
15 Message 
Objects 
of 8-Byte 
Data 
Length 
-14 
Tx/Rx 
Buffers 
- 
1 Rx Buffer with Programmable 
Mask 


• 
Flexible 
CPU Interface 
- 
8·Bit Multiplexed 
-16-Bit 
Multiplexed 
- 
8-Bit Non-Multiplexed 
(Synchronous/Asynchronous) 
- 
Serial Interface 


The 82527 
serial communications 
controller 
is a highly integrated 
device 
that performs 
serial communication 
according 
to the 
CAN 
protocol. 
It performs 
all serial 
communication 
functions 
such 
as transmission 
and 
reception 
of messages, 
message 
filtering, 
transmit 
search, 
and interrupt 
search with minimal 
interaction 
from 
the host microcontroller, 
or CPU. 


The 82527 
is Intel's first device to support 
the standard 
and extended 
message 
frames 
in CAN Specification 
2.0 Part B. It has the capability 
to transmit, 
receive, 
and perform 
message 
filtering 
on extended 
message 
• 
frames. 
Due to the backwardly 
compatible 
nature of CAN Specification 
2.0, the 82527 also fully supports 
the 
standard 
message 
frames 
in CAN Specification 
2.0 Part A. 


The 82527 features 
a powerful 
CPU interface 
that offers flexibility 
to directly 
interface 
to many different 
CPUs. 


It can be configured 
to interface 
with CPUs using an 8-bit multiplexed, 
16-bit multiplexed, 
or 8-bit non-multi- 
plexed address/data 
bus for Intel and non-Intel 
architectures. 
A flexible 
serial interface 
(SPI) is also available 


, when a parallel 
CPU interface 
is not required. 


The 82527 
provides 
storage 
for 15 message 
objects 
of 8-byte 
data 
length. 
Each 
message 
object 
can be 
configured 
as either 
transmit 
or receive 
except 
for the last message 
object. 
The last message 
object 
is a 
receive-only 
buffer 
with a special 
mask design 
to allow 
select 
groups 
of different 
message 
identifiers 
to be 
received. 


The 82527 
also implements 
a global 
masking 
feature 
for message 
filtering. 
This feature 
allows 
the user to 
globally 
mask any identifier 
bits of the incoming 
message. 
The programmable 
global 
mask can be used for 
both standard 
and extended 
messages. 


The 82527 
offers 
hardware, 
or pinout, compatibility 
with the 82526. 
It is pin-to-pin 
compatible 
with the 82526 
except for pins 9, 30, and 44. These pins are used as chip selects on the 82526 and are used as CPU interface 
mode selection 
pins on the 82527. 


The 82527 is fabricated 
using Intel's 
reliable CHMOS 
III 5V technology 
and is available 
in a 44-lead 
PLCC for 
the automotive 
temperature 
range (- 
40°C to + 125°C). 


NOTICE: 
This 
is an ADVANCE 
INFORMATION 
DATA 
SHEET. 
The A.C. and D.C. parameters 
contained 
within 
this 
data sheet 
may change 
after full automotive 
temperature 
characterization 
of the device 
has been performed. 
Contact 
your local sales office 
before 
finalizing 
the Timing 
and D.C. characteristics 
of a design to verify you 
have the latest information. 
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P 1.0/ 
AD8 


P1.1/AD9 


P1.2/A010 


P1.3/A011 


P1../A012 


P1.5/A013 


P1.6/A01. 


P1.7/A015 


t.400E1 


RESET# 


Symbol 
Description 


I 
Input only pin 
0 
Output only pin 


I/O 
Pin can be either input or output 


Pin # 
Pin Name 
Pin Type 
Pin Description 


23 
VSS1 
Ground 
GROUND 
connection 
must be shorted externally 
to a Vss board 
plane. Provides digital ground. 


20 
VSS2 
Ground 
GROUND 
connection 
must be shorted externally 
to a Vss board 
plane. Provides ground for analog comparator. 


1 
Vcc 
Power 
POWER connection 
must be shorted 
externally 
to + 5V DC. Provides 
power for entire device. 


18 
XTAL1 
I 
Input for an external 
clock. XTAL 1 (along with XTAL2) are the crystal 
connections 
to an internal oscillator. 


19 
XTAL2 
0 
Push-pull output from the internal oscillator. 
XTAL2 (along with 


XTAL 1) are the crystal connections 
to an internal oscillator. 
If an 
external 
oscillator 
is used XTAL2 must be floated, 
or not be 
connected. 
XTAL2 must not be used as a clock output to drive other 
CPUs. 


27 
CLKOUT 
0 
Programmable 
clock output. This output may be used to drive the 
oscillator 
of the host microcontroller. 


29 
RESET# 
I 
A falling edge (high-to-Iow) 
transition 
causes a hardware 
reset. 


8 
CS# 
I 
A low level on this pin enables 
CPU access to the 82527 device. 


24 
INT# 
0 
The interrupt 
pin is an open-drain 
output to the host microcontroller. 


(Vcc/2) 
0 
Vcc/2 
is the power supply for the ISO low speed physical 
layer. The 
function 
of this pin is determined 
by the MUX bit in the CPU Interface 
Register 
(Address 
02H) as follows: 


MUX = 1: pin 24 = Vcc/2, 
pin 11 = INT# 
MUX = 0: pin 24 = INT# 


22 
RXO 
I 
Inputs from the CAN bus line(s) to the input comparator. 
A recessive 
21 
RX1 
I 
level is read when RXO > RX1. A dominant 
level is read when RX1 > 


RXO. When the Co By bit (Bus Configuration 
register) is programmed 
as a "1". 
the input comparator 
is bypassed 
and RXO is the CAN bus 
line input. 


26 
TXO 
0 
Serial data push-pull 
output to the CAN bus line. During a recessive 
bit 
25 
TX1 
0 
TXO is high and TX1 is low. During a dominant 
bit TXO is low and TX1 
is high. 


• 


Pin # 
Pin Name 
Pin Type 
Pin Description 


4 
ADO/AO/ICP 
1/0-1-1 
Address/Data 
bus in 8-bit multiplexed 
mode. 


3 
AD1/A1/CP 
1/0-1-1 
Address 
bus in 8-bit non-multiplexed 
mode. 


2 
AD2/ A2/CSAS 
1/0-1-1 
Low byte of A/D 
bus in 16-bit multiplexed 
mode. 
43 
AD3/A3/STE 
1/0-1 
In Serial Interface 
mode, the following 
pins have the following 
meaning: 


42 
AD4/ M/MOSI 
1/0-1-1 
ADO: 
ICP 
Idle Clock Polarity 


41 
AD5/A5 
1/0-1 
AD1: 
CP 
Clock Phase 
40 
AD6/ A6/SCLK 
1/0-1-1 
AD2: 
CSAS 
Chip Select Active State 


39 
AD7/A7 
1/0-1 
AD3: 
STE 
Sync Transmit 
Enable 
AD6: 
SCLK 
Serial Clock Input 
AD4: 
MOSI 
Serial Data Input 


38 
AD8/DO/P1.0 
1/0-0-1/0 
High byte of AID 
bus in 16-bit multiplexed 
mode. 
37 
AD9/D1/P1.1 
110-0-1/0 
Data bus in 8-bit non-multiplexed 
mode. 


36 
AD10/D2/P1.2 
110-0-1/0 
Low speed I/O port. P1 pins in 8-bit multiplexed 
mode and serial 
35 
AD11/D3/P1.3 
1/0-0-1/0 
mode. Port pins have weak pullups until the port is configured 
by 


34 
AD12/D4/P1.4 
110-0-1/0 
writing to 9FH and AFH. 


33 
AD13/D5/P1.5 
1/0-0-1/0 
32 
AD14/D6/P1.6 
1/0-0-1/0 
31 
AD15/D7/P1.7 
1/0-0-1/0 


17 
P2.0 
I/O 
P2 in all modes. 


16 
P2.1 
I/O 
P2.6 is INT# 
when MUX = 1 and is open-drain. 
15 
P2.2 
I/O 
P2.7 is WRH# 
in 16-bit multiplexed 
mode. 


14 
P2.3 
I/O 
13 
P2.4 
I/O 
12 
P2.5 
I/O 
11 
P2.6/INT# 
1/0-0 
10 
P2.7/WRH# 
1/0-1 


44 
ModeO 
I 
These pins select one of the four parallel interfaces. 
These pins 
30 
Mode1 
I 
are weakly held low during reset. 
Mode1 
ModeO 
0 
0 
8-bit multiplexed 
- 
Intel 
0 
0 
Serial Interface 
mode entered when 
RD# 
= 0, WR# 
= 0 upon reset. 


0 
1 
16-bit multiplexed 
-Intel 
1 
0 
8-bit multiplexed 
- 
non-Intel 
1 
1 
8-bit non-multiplexed 


5 
ALE/AS 
I-I 
ALE used for Intel modes. 
AS used for non-Intel 
modes. 


6 
RD# 
I 
RD# 
used for Intel modes. 


E 
I 
E used for non-Intel 
modes. 


7 
WR# 
I 
WR# 
used for Intel modes. 


R/W# 
I 
R/W# 
used for non-Intel 
modes. 


28 
READY 
0 
READY is an output to synchronize 
accesses 
from the host 
MISO 
0 
microcontroller 
to the 82527. READY is an open-drain 
output to the 
host microcontroller. 
MISO is the serial data output for the serial 
interface 
mode. 


9 
DSACKO# 
0 
DSACKO # is an open-drain 
output to synchronize 
accesses 
from 
the host microcontroller 
to the 82527. 


NOTICE: This data sheet 
contains 
information 
on 
products in the sampling and initial production phases 
of development. 
The specifications 
are subject 
to 
change 
without 
notice. 
Verify with your local 
Intel 
Sales office that you have the latest data sheet be- 
fore finalizing a design. 


'WARNING: 
Stressing the device beyond the "Absolute 
Maximum 
Ratings" 
may 
cause 
permanent 
damage. 


These are stress ratings 
only. Operation 
beyond 
the 


"Operating 
Conditions" 
is not recommended 
and ex- 


tended 
exposure 
beyond 
the 
"Operating 
Conditions" 


may affect device reliability. 


Storage Temperature 
- 60·C to + 150·C 


Voltage 
from Any Pin 
to Vss 
..............•........ 
-0.5V 
to + 7.0V 


Symbol 
Parameter 
Mln 
Max 
Conditions 


VIL 
Input Low Voltage 
(All except XTAL 1, 
-0.5V 
0.8V 
XTAL2, RXO, RX1, ADO-AD? 
in Mode 3) 


VIL1 
Input Low Voltage for ADO-AD7 
in 
-0.5V 
0.5V 
Mode 3 


VIl2 
Input Low Voltage 
(RXO) for Comparator 
0.5V 
Bypass Mode 


VIH 
Input High Voltage 
(All except XTAL 1, 
3.0V 
Vee + 0.5V 
XTAL2, RXO, RX1, RESET#) 


VIH1 
Input High Voltage 
(RESET#) 
3.0V 
Vee + 0.5V 


VIH1 
Input High Voltage 
(RESET#) 
3.0V 
Vee + 0.5V 
Hysteresis 
on RESET# 
200 mV 


VIH2 
Input High Voltage 
(RXO) for Comparator 
4.0V 
Bypass Mode 


VOL 
Output Low Voltage 
(All Outputs except 
OA5V 
IOL = 1.6 mA 
TXO, TX1) 


VOH 
Output High Voltage 
(All Outputs except 
Vee - 
O.BV 
IOH = -200 
IJ-A 
TXO, TX1, CLOCKOUT) 


VOHR1 
Output High Voltage 
(CLOCKOUT) 
0.8 Vee 
IOH = -BO IJ-A 


ILK 
Input Leakage Current 
±10 
IJ-A 
Vss < VIN < Vee 


CIN 
PIN Capacitance" 
10 pF 
fXTAL = 1 KHz 


Ice 
Supply Current(1) 
50mA 
fXTAL = 16 MHz 


ISLEEP 
Sleep Current(1) 
with Vee/2 
Output Enabled, 
No Load 
700 IJ-A 
with Vee/2 
Output Disabled 
100 IJ-A 


Ipo 
Powerdown 
Current(1) 
25IJ-A 
XT AL1 Clocked 


NOTE: 
"Typical 
value based on characterization data. 


Port pins are weakly held after reset until the port configuration registers are written (9FH, AFH). 
1. All pins are driven to VSSor Vcc including RXOand RX1 
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RXO/RX 1 and TXO/TX 1 
Mln 
Max 
Conditions 


Input Voltage 
-0.5V 
Vcc + 0.5V 


Common 
Mode Range 
VSS + 1V 
Vcc 
- 
1V 


Differential 
Input Threshold 
±100 
mV 


Internal Delay 1: Sum of the Comparator 
Input 
60 ns 
Load on TXO. TX1 = 
Delay and the TXO/TX1 
Output Driver Delay 
100 pF. + 100 mV to 
-100 
mV RXO/RX1 
differential 


Internal Delay 2: Sum of the RXO Pin Delay (if 
50 ns 
Load on TXO, TX1 = 
the Comparator 
is Bypassed) 
and the TXO/TX1 
100 pF 
Output Driver Delay 


Source Current on Each TXO, TX1 
-10 
mA 
VOUT = Vcc 
- 
1.0V 


Sink Current on Each TXO, TX1 
10 mA 
VOUT = 1.0V 


Vcc/2 


Vcc/2 
2.38V 
2.62V 
IOUT:-;;:75/LA, 
Vcc = 5V 


CLOCKOUT 
SPECIFICATIONS 
Load Condition: 
50 pF 


Parameter 


CLOCKOUT 
Frequency 


A.C. Characteristics 
for 8/16-Bit 
Multiplexed 
Intel Modes (Modes 0,1) 
Conditions: 
VCC = SV ± 10%, Vss = OV, TA = 
-40·C 
to + 12S·C, CL = 100 pF 


Symbol 
Parameter 
Min 
Max 
Conditions 


1/tXTAL 
Oscillator 
Frequency 
8MHz 
16 MHz 


1/tSCLK 
System Clock Frequency 
4MHz 
10 MHz 


1/tMCLK 
Memory Clock Frequency 
2MHz 
8MHz 


tAVLL 
Address 
Valid to ALE Low 
20 ns 


tLLAX 
Address 
Hold after ALE Low 
20 ns 


tLHLL 
ALE High Time 
30 ns 


tLLRL 
ALE Low to RD# 
Low 
20 ns 


tCLLL 
CS # Low to ALE Low 
20 ns 


tQVWH 
Data Setup to WR # High 
30 ns 


tWHQX 
Input Data Hold after WR # High 
20 ns 


tWLWH 
WR # Pulse Width 
40 ns 


tWHLH 
WR # High to Next ALE High 
8 ns 


tWHCH 
WR# 
High to CS# 
High 
o ns 


tRLRH 
RD# 
Pulse Width 
40 ns 
This time is long enough to initiate a double 
read cycle by loading the High Speed 
Registers 
(04H, OSH), but is too short to 
READ from 04H and OSH (See tRLDV) 


tRLDV 
RD# 
Low to Data Valid 
o ns 
4S ns 
(Only for Registers 
02H, 04H, OSH) 


tRLDV1 
RD# 
Low Data to Data Valid (for Registers 
except02H,04H,OSH) 
for Read Cycle without 
a Previous Write(1) 
1.S tMCLK + 100 ns 
for Read Cycle with a Previous Write(1) 
3.S tMCLK + 100 ns 


tRHDZ 
Data Float after RD# 
High 
o ns 
4S ns 


tCLYV 
CS # Low to READY Setup 
32 ns 
VOL = 1.0V 
Condition: 
Load Capacitance 
on the 
40 ns 
VOL = O.4SV 
READY Output: SOpF 


tWLYZ 
WR # Low to READY Float for a Write 
14S ns 
Cycle if No Previous Write is Pending(2) 


tWHYZ 
End of Last Write to READY Float for a 
2 tMCLK + 100 ns 
Write Cycle if a Previous Write Cycle is 
Active(2) 


tRLYZ 
RD# 
Low to READY Float 
(for registers 
except 02H, 04H, OSH) 
for Read Cycle without a Previous Write(1) 
2 tMCLK + 100 ns 
for Read Cycle with a Previous Write(1) 
4 tMCLK + 100 ns 


tWHDV 
WR # High to Output Data Valid on Port 1/2 
tMCLK 
2 tMCLK + SOOns 


NOTES: 
References to WR # also pertain to WRH#. 
1. Definition of "read cycle without a previous write": The time between the rising edge of WR # IWRH # (for the previous 
write cycle) and the falling edge of RD# (for the current read cycle) is greater than 2 tMCLK. 
2. Definition of "write cycle with a previous write": The time between the rising edge of WR# IWRH # (for the previous write 
cycle) and the rising edge of WR#/WRH# 
(for the current write cycle) is less than 2 tMCLK. 
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ALE 


IAVLL 
\.LAX 


BUS 
ADDRESS 
DATA oul 


'RLDV 
'RHDZ 


RD# 


'cLLL 
\.LRL 


CS# 


Ready Output Timing for a Write Cycle if a Previous Write Cycle is Active 


CS# 
\ 
1 
, 
r 


,-~-:"-yz=======r 


Ready Output Timing for a Read Cycle 


teLYV 
• 


A.C. Characteristics 
for 8-Blt Multiplexed 
Non-Intel 
Mode (Mode 2) 
Conditions: 
VCC = 5V ± 10%, VSS = OV, TA = - 40·C to + 125·C, CL = 100 pF 


Symbol 
Parameter 
Min 
Max 


1/tXTAL 
Oscillator 
Frequency 
8MHz 
16 MHz 


1/tSCLK 
System Clock Frequency 
4MHz 
10 MHz 


1/tMCLK 
Memory Clock Frequency 
2MHz 
8MHz 


tAVSL 
Address 
Valid to AS Low 
33 ns 


tSLAX 
Address 
Hold after AS Low 
20 ns 


tELDZ 
Data Float after E Low 
o ns 
45 ns 


tEHDV 
E High to Data Valid for Registers 
02H, 
o ns 
45 ns 
04H,05H 


for Read Cycle without a Previous Write(l) 
1.5 tMCLK + 100 ns 
for Read Cycle with a Previous Write 
3.5 tMCLK + 100 ns 


(for Registers 
except for 02H, 04H, 05H) 


taVEL 
Data Setup to E Low 
30 ns 


tELax 
Input Data Hold after E Low 
20 ns 


tELDV 
E Low to Output Data Valid on Port 1/2 
tMCLK 
2 tMCLK + 500 ns 


tEHEL 
E High Time 
45 ns 


tELEL 
End of Previous Write (Last E Low) to E 
2 tMCLK 
Low for a Write Cycle 


tSHSL 
AS High Time 
30 ns 


tRSEH 
Setup Time of R/W II to E High 
30 ns 


tSLEH 
AS Low to E High 
20 ns 


tCLSL 
CS II Low to AS Low 
20 ns 


tELCH 
E Low to CSII 
High 
o ns 


NOTES: 
1. Definition 
of "Read 
Cycle without 
a Previous 
Write": 
The time between 
the falling 
edge of E (for the previous 
write cycle) 


and the rising edge of E (for the current 
read cycle) 
is greater 
than 2 tMCLK. 


2. Definition 
of "Write 
Cycle with a Previous 
Write": 
The time between 
the falling 
edge of E (for the previous 
write cycle) 
and 


the falling 
edge ot E (for the current 
write cycle) 
is less than 2 tMCLK. 


DATA 
out 


lrlDZ 


DATA 
in 


lrlDV 
• 
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Conditions: 
VCC = 5V ± 10%, VSS = OV, TA = 
-40·C 
to + 125·C, CL = 100 pF 


Symbol 
Parameter 
Min 
Max 


1/tXTAL 
Oscillator 
Frequency 
8MHz 
16 MHz 


1/tsCLK 
System Clock Frequency 
4MHz 
10 MHz 


1/tMCLK 
Memory Clock Frequency 
2MHz 
8MHz 


tAVCL 
Address 
or R/W# 
Valid to CS# 
Low 
3 ns 
Setup 


tCLDV 
CS# 
Low to Data Valid 
o ns 
55 ns 
for High Speed Registers 
(02H, 04H, 05H) 


For Low Speed Registers 
o ns 
1.5 tMCLK + 100 ns 
(Read Cycle without 
Previous Write)(1) 


For Low Speed Registers 
o ns 
3.5 tMCLK + 100 ns 
(Read Cycle with Previous Write)(1) 


tKLDV 
DSACKO# 
Low to Output Data Valid 
<0 ns 
23 ns 


tCHDV 
82527 Input Data Hold after CS# 
High 
25 ns 


tCHDH 
82527 Output Data Hold after CS# 
High 
o ns 


tCHDZ 
CS# 
High to Output Data Float 
35 ns 


tCHKH 
CS# 
High to DSACKO# 
= 2.4V(3) 
o ns 
55 ns 


tCHKZ 
CS# 
High to DSACKO# 
Float 
o ns 
100 ns 


tCHCL 
CS # Width between 
Successive 
Cycles 
25 ns 


teHAI 
CS# 
High to Address 
Invalid 
10 ns 


tCHRI 
CS# 
High to R/W# 
Invalid 
5 ns 


tCLCH 
CS # Width Low 
65 ns 


tDvCH 
CPU Write Data Valid to CS# 
High 
32 ns 


tCLKL 
CS # Low to DSACKO # Low 
o ns 
65 ns 
for High Speed Registers 
and Low Speed 
Registers 
Write Access without 
Previous 
Write(2) 


tCHKL 
End of Previous Write (CS # High) to 
o ns 
2 tMCLK + 145 ns 
DSACKO# 
Low for a Write Cycle with a 
Previous Write(2) 


NOTES: 
E and AS must be tied high in this mode. 
1. Definition of "Read Cycle without a Previous Write": The time between the rising edge of CS# (for the previous write 
cycle) and the falling edge of CS# (for the current read cycle) is greater than 2 tMCLK. 
2. Definition of "Write Cycle without a Previous Write": The time between the rising edge of CS# (for the previous write 
cycle) and the rising edge of CS# (for the current write cycle) is greater than 2 tMCLK. 
3. An on-chip pUliupwill drive DSACKO# to approximately 2.4V. An external pUliupis required to drive this signal to a higher 
voltage. 


Timing 
of the Asynchronous 
Mode 
(Read Cycle) 


Timing 
of the Asynchronous 
Mode 
(Write Cycle) 
• 
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A.C. Characteristics 
for 8-Bit Non-Multiplexed 
Synchronous 
Mode (Mode 3) 
Conditions: 
VCC = 5V ±10%, 
Vss = OV, TA = 
-40°C 
to +125°C, 
CL = 100 pF 


Symbol 
Parameter 
Min 
Max 


1/tXTAL 
Oscillator 
Frequency 
8MHz 
16 MHz 


1/tsCLK 
System Clock Frequency 
4MHz 
10 MHz 


1/tMCLK 
Memory Clock Frequency 
2MHz 
8MHz 


tEHDV 
E High to Data Valid out of High Speed 
55 ns 
Register 
(02H, 04H, 05H) 


Read Cycle without 
Previous Write for 
1.5 tMCLK + 
100 ns 
Low Speed Registers(1) 


Read Cycle with Previous Write for 
3.5 tMCLK + 100 ns 
Low Speed Registers(1) 


tELDH 
Data Hold after E Low for a Read 
5 ns 
Cycle 


tELDZ 
Data Float after E Low 
35 ns 


tELDV 
Data Hold after E Low for a Write Cycle 
25 ns 


tAVEH 
Address 
and R/W# 
to E Setup 
25 ns 


tELAV 
Address 
and R/W# 
Valid after E Falls 
15 ns 


tcvEH 
CS# 
Valid to E High 
o ns 


tELCV 
CS# 
'/alid 
after E Low 
o ns 


tDVEL 
Data Setup to E Low 
55 ns 


tEHEL 
E Active Width 
100 ns 


tAVAV 
Start of a Write Cycle after a Previous 
2 tMCLK 
Write Access 


tAVCL 
Address 
or R IW # to CS # Low Setup 
3 ns 


tCHAI 
CS# 
High to Address 
Invalid 
10 ns 


NOTES: 
1. Definition 
of "Read 
Cycle without 
a Previous 
Write": 
The time between 
the falling 
edge of E (for the previous 
write cycle) 


and the rising edge of E (for the current 
read cycle) 
is greater 
than 2 tMCLK. 


Timing of the Synchronous 
Mode 
(Read Cycle) 


Timing of the Synchronous Mode 
(Write Cycle) 


tAVAV 
• 


A.C. cnaracteristics 
for Serial Interface 
Mode 
Conditions: 
Vcc = 5V ± 10%, VSS = OV. TA = - 40°C to + 125°C. CL = 100 pF 


Symbol 
Parameter 
Mln 
Max 


SCLK 
SPI Clock 
0.5 MHz 
4.2 MHz 


tevc 
1/SCLK 
238 ns 
2000 ns 


tSKHI 
Minimum Clock High Time 
84 ns 


tSKLO 
Minimum Clock Low Time 
84 ns 


tLEAO 
ENABLE 
Lead Time 
70 ns 


tLAG 
Enable Lag Time 
109 ns 


tACC 
Access Time 
60 ns 


tpoo 
Maximum 
Data Out Delay Time 
59 ns 


tHO 
Minimum Data Out Hold Time 
o ns 


tOIS 
Maximum 
Data Out Disable Time 
665 ns 


tSETUP 
Minimum 
Data Setup Time 
35 ns 


tHOLO 
Minimum 
Data Hold Time 
84 ns 


tRISE 
Maximum 
Time for Input to go 
100 ns 
from VOL to VOH 


tFALL 
Maximum Time for Input to go 
100 ns 
from VOH to VOL 


tcs 
Minimum Time between 
670 ns 
Consecutive 
CS /I Assertions 


Input, Output Waveforms 


v 
cc 


- O.5V J( 
)C 
vcc - O.BV 


O.45V 


O.IV 
------ 


NOTE: 
AC Inputs during testing are driven at Vcc 
- 
0.5V for a 
Logic "1" 
and 0.1V for a Logic "0". 
Timing measure- 
ments are made at VOH Min for a Logic "1" 
and VOL 
Max for a Logic "0". 
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This 
is the -003 
revision 
of the 82527 
data sheet. 


The 
following 
differences 
exist 
between 
the 
-002 
version 
and the -003 revision. 


1. The data sheet 
has been revised to ADVANCE 
from 
PRELIMINARY. 
indicating 
the 
specifica- 
tions have been verified through 
electrical 
tests. 


2. 
ABSOLUTE 
MAXIMUM 
RATINGS 
have 
been 
added. 


3. 
VIL no longer 
applies 
to the ADO-AD7 
pins in 
CPU Interface 
mode 3. 


4. 
VIL1 has been added to specify 
Input Low Volt- 
age for ADO-AD7 
pins in CPU Interface 
mode 3 
as - 0.5V minimum 
and + 0.5V maximum. 


5. 
Icc supply current 
has been reduced 
to 50 mA 
from 100 mA. 


6. 
Note 2 was added stating during 
Ipo testing. 
all 
pins 
are driven 
to VSS or VCC. including 
RXO 
and RX1. 


7. tAVLL has been decreased 
to 20 ns from 33 ns. 


8. 
tRLOV1 has been decreased 
to 1.5 tMCLK + 100 
ns from 
2 tMCLK + 100 ns for a Read 
Cycle 
without 
a previous 
Write (Modes 
O. 1). 


tRLOV1 has been decreased 
to 3.5 tMCLK + 100 
ns from 4 tMCLK + 100 ns for a Read Cycle with 
a previous 
Write (Modes 
0, 1). 


9. 
tCLYV has added 
the condition 
of VOL = 
1.0V 
for a 32 ns delay. tCLYV is 40 ns for VOL = 0.45 
(Modes 
0, 1). 


10. tWHYZ 
has 
been 
decreased 
to 
2 
tMCLK + 
100 ns from 2 tMCLK + 145 ns (Modes 
O. 1). 


11. tEHOV has 
been 
decreased 
to 
1.5 tMCLK + 
100 ns from 2 tMCLK + 100 ns for a Read Cycle 
without 
a previous 
Write (Mode 2). 


tEHoV 
has 
been 
decreased 
to 
3.5 
tMCLK + 
100 ns from 4 tMCLK + 100 ns for a Read Cycle 
with a previous 
Write (Mode 
2). 


12. tELEL has 
been 
decreased 
to 
2 tMCLK from 
2 tMCLK + 145 ns (Mode 2). 


13. tCLOV has been decreased 
to 55 ns from 65 ns 


(Mode 
3). 


14. tCHKH is specified 
for VIH = 2.4V, 
decreased 


from VIH = 3.0V. Note 3 has been added which 
states 
an on-chip 
pullup will drive DSACKO# 
to 
approximately 
2.4V. 
An 
external 
pullup 
is re- 
quired 
to drive 
this 
signal 
to a higher 
voltage 
(Mode 3). 


15. tCHAI has been increased 
to 10 ns from 
5 ns. 


tCHAI no longer 
includes 
CS # 
High to R/W # 
Invalid (Mode 3). 


16. tCHRI = 5 ns has been added 
to specify 
CS# 
High to R/W# 
Invalid (Mode 3). 


17. tEHOV has been decreased 
to 55 ns from 65 ns 
for Reads 
of the High Speed 
Registers 
(Mode 
3). 


18. tEHOV has 
been 
decreased 
to 
1.5 tMCLK + 
100 ns from 2 tMCLK + 100 ns for a Read Cycle 
without 
a previous 
Write (Mode 3). 


tEHOV has 
been 
decreased 
to 
3.5 
tMCLK + 
100 ns from 4 tMCLK + 100 ns for a Read Cycle 
with a previous 
Write (Mode 3). 


19. The tAVAL specification 
name has been correct- 
ed to tAVAV (Mode 3). 


20. 
tCHAI has been 
increased 
to 10 ns from 
5 ns 
(Mode 
3). 


21. 
The input voltage 
in the A.C. Testing 
Input Dia- 
gram 
have 
been 
revised 
to VCC - 
0.5V from 
3.0V (high level) and revised 
to 0.1 V from 0.8V 
(low level). 


The 
following 
differences 
exist 
between 
the 
-001 
version 
and the -002 revision. 


1. The 
RAM block 
in Figure 
1. 82527 
Block 
Dia- 
gram was previously 
called 
DPRAM. 


2. The INT# /(Vcc/2) 
pin in Figure 2. 44-Pin PLCC 
Package 
and 
in other 
descriptions 
was 
previ- 
ously called the INT#/(Voo/2) 
pin. 


3. The 
ModeO and 
Mode1 
pin descriptions 
were 
modified 
to include 
the 
following 
note: 
These 
pins are weakly 
held low during reset. 


4. The DSACKO# 
pin description 
was changed 
to 
reflect 
an open-drain 
output. 


5. VIL1 for RXO in comparator 
bypass 
mode 
was 
added. 


6. VIH1 hysteresis 
on RESET'# 
was added. 


7. VIH2 for RXO in comparator 
bypass 
mode 
was 
added. 


8. 'SLEEP current 
with VCC/2 output 
enabled 
was 
corrected 
from 
700 
J-tA minimum 
to 
700 
J-tA 
maximum. 


9. ISLEEP current 
with VCc/2 
output 
disabled 
was 
corrected 
from 
100 
J-tA minimum 
to 
100 
J-tA 
maximum. 


10. Ipo current 
was changed 
from 
10 J-tA minimum 
to 25 J-tAmaximum. 


11. The following 
note was added 
to the electrical 
characteristics: 
Port pins are weakly 
held 
high 
after 
reset until the port configuration 
registers 
are written 
(9FH. AFH). 


12. The 
following 
D.C. 
Characteristics 
Specifica- 
tions 
have been removed 
and replaced 
by the 
Internal 
Delay 1 and Internal 
Delay 2 specifica- 
tions. 
These 
specifications 
reflect 
the 
produc- 
tion test methodology 
which 
requires 
these two 
delays to be tested 
together. 


a. Delay Dominant 
to Recessive 


b. Delay Recessive 
to Dominant 


c. Input Delay with Comparator 
Bypassed 


d. Rise Time 


e. Fall Time 


13. The 
following 
A.C. 
Characteristics 
for 
a-Bit! 
16-Bit 
Multiplexed 
Intel 
Modes 
(Modes 
0,1) 
have been changed: 


a. 1/tMCLK has been increased 
to a MHz from 
5 MHz. 


b. tLLAX has 
been 
decreased 
to 20 
ns from 
22.5 ns. 


c. tLLRL has 
been 
increased 
to 
20 
ns from 
o ns. 


d. tCLLL has been added. 


e. tWHLH has been increased 
to a ns from 0 ns. 


f. tWHCH has been added. 


g. tRLDV1 has been added. 


h. tWLYH has been changed 
to tWLYZ to reflect 
the READY 
pin is an open-drain 
output. 


i. tWHYH has been 
changed 
to tWHYZ to re- 
flect the READY pin is an open-drain 
output. 


j. tRLYH has been changed 
to tRLYZ to reflect 
the READY 
pin is an open-drain 
output. 


k. tWHDV has been 
increased 
to 2 tMCLK + 
250 ns from 2 tMCLK + 100 ns. 


I. The following 
note was added: 
References 
to WR # also pertain 
to WRH #. 


m. The 
following 
definition 
was 
added 
for 
a 


"read 
cycle 
without 
a previous 
write": 
The 
time 
between 
the 
rising 
edge 
of 
WR # I 
WRH# 
(for the previous write cycle) and the 
falling edge of RD# 
(for the current read cy- 
cle) is greater 
than 2 tMCLK. 


n. The 
following 
definition 
was 
added 
for 
a 
"write 
cycle with a previous 
write": 
The time 
between 
the 
rising 
edge 
of WR # IWRH # 
(for the 
previous 
write 
cycle) 
and the 
next 
rising edge of WR # IWRH # (for the current 
write cycle) 
is less than 2 tMCLK. 


14. The timing diagrams 
for a-Bit!16-Bit 
Multiplexed 
Intel Modes 
(Modes 
0,1) have been changed 
to 
show ALE rising before 
CS # falls. 


15. The following 
A.C. Characteristics 
for a-Bit Mul- 
tiplexed 
Non-Intel 
Modes 
(Modes 
2) have been 
changed: 


a. 1/tMCLK has been increased 
to a MHz from 
5 MHz. 


b. tSLAX has been 
decreased 
to 20 
ns from 


22.5 ns. 


c. tEvDV has been decreased 
to (2, 4) tMCLK + 


100 ns from (2, 4) tMCLK + 145 ns. 


d. tELDV 
minimum 
has 
been 
decreased 
to 
tMCLK from tMCLK + 100 ns. 


e. tELDV 
maximum 
has 
been 
increased 
to 
2 tMCLK + 500 ns from 2 tMCLK + 100 ns. 


f. tEHEL for 
registers 
except 
02H, 
04H, 
05H 
has been renamed 
to tELEL and the specifi- 


cation 
has been 
decreased 
to 2 tMCLK + 


145 ns from 4 tMCLK + 145 ns. 


g. tSLEH has been increased 
to 20 ns from 
0 
ns. 


h. tCLSL has been added. 


i. tELCH has been added. 


j. The 
following 
definition 
was 
added 
for 
a 


"read 
cycle 
without 
a previous 
write": 
The 
time between 
the falling 
edge of E (for the 
previous 
write cycle) 
and the rising edge of 
, 5 


E (for the current 
read cycle) is greater 
than 
2 tMCLK. 


k. The 
following 
definition 
was 
added 
for 
a 
"write 
cycle with a previous 
write": 
The time 
between 
the falling edge of E (for the previ- 


ous write cycle) and the next falling 
edge of 


E (for the current 
write 
cycle) 
is less than 
2 tMCLK. 


16. The following 
AC. 
Characteristics 
for 8-Bit Non- 


Multiplexed 
Asynchronous 
Mode (Mode 3) have 
been changed: 


a. 1/tMCLK has been increased 
to 8 MHz from 
5 MHz. 


b. tCLDV has been 
decreased 
for 
low 
speed 
registers 
to 
(2, 4) tMCLK + 
100 
ns from 


(2,4) 
tMCLK + 145 ns. 


c. tCHKH comment 
"with 
3.3 
KI1 Pullup 
and 


100 
pF 
Load" 
has 
been 
removed 
since 
tCHKH is tested 
with a current 
source. 


d. tCLKL for 
a Write 
Access 
with 
a Previous 
Write has been renamed 
to tCHKL. 


e. The note "E and AS must be tied high in this 
mode" 
has been added. 


f. The 
following 
definition 
was 
added 
for 
a 
"read 
cycle 
without 
a previous 
write": 
The 
time 
between 
the 
rising 
edge 
of CS# 
(for 
the previous write cycle) and the falling edge 
of CS# 
(for the current 
read cycle) is great- 
er than 2 tMCLK. 


g. The 
following 
definition 
was 
added 
for 
a 


"write 
cycle with a previous 
write": 
The time 
between 
the rising edge of CS # (for the pre- 
vious write cycle) and the next rising edge of 
CS# 
(for the current write cycle) is less than 
2 tMCLK. 


17. The following 
AC. 
Characteristics 
for 8-Bit Non- 


Multiplexed 
Synchronous 
Mode 
(Mode 
3) have 


been changed: 


a. 1/tMCLK has been increased 
to 8 MHz from 
5 MHz. 


b. tELDZ minimum 
has been removed. 


c. tAVCL has been added. 


d. tCHAI has been added. 


e. The 
following 
definition 
was 
added 
for 
a 


"read 
cycle 
without 
a previous 
write": 
The 
time between 
the falling 
edge of E (for the 


previous 
write cycle) 
and the rising edge of 


E (for the current 
read cycle) is greater 
than 
2 tMCLK. 


f. The 
following 
definition 
was 
added 
for 
a 


"write 
cycle with a previous 
write": 
The time 
between 
the falling edge of E (for the previ- 
ous write cycle) and the next falling 
edge of 
E (for the 
current 
write 
cycle) 
is less than 
2 tMCLK. 


18. The following 
AC. 
Characteristics 
for Serial 
In- 


terface 
Mode have been changed: 


a. tSKHI has 
been 
decreased 
to 84 
ns from 
119 ns. 


b. tSKLO has been 
decreased 
to 84 ns from 
119 ns. 


c. tpDO has 
been 
decreased 
to 
59 
ns from 
84 ns. 


d. tSETUP has been decreased 
to 35 ns from 
59 ns. 


e. tHOLD has been 
decreased 
to 84 ns from 
109 ns. 


19. The note in the AC. Testing 
Input diagram refer- 
enced 
VOH was previously 
named VIH. 


The EV82527 evaluation kit demonstrates 
the capabihties of the 82527 serial 
communications controller and the Controller Area Network (CAN) protocol. This 
evaluation kit represents a quick approach to learning the features ofthe 82527 device 
and CAN Specification 2.0 29-bit message identifiers. 


The EV82527 evaluation kit features the 
82527 device and the CAN protocol, 
Specification 2.0. The 82527 device 
implements CAN Specification 2.0 and is 
optimized to allow the host microcontroller 
to remain dedicated to its application 
control function. The host microcontroller 
interface to the 82527 is analogous to that 
of a RAM. The transmission, 
reception and 
error confinement routines are hardwired 
in the 82527 and are transparent 
to the 
user. 


The EV82527 evaluation kit consists of 
three 
boards: 
an 
EV87C196KR 
mother- 
board, an 82527 daughterboard 
and a 
DV82527 satellite board, plus a software 


monitor that assembles MCS®-96code on- 
lme. 
• The motherboard is a fully functional 
evaluation board which contains the host 
microcontroller, the Intel 87C196KR. 


• The daughterboard 
is configured with an 
RS-485 CAN bus interface and can be 
eaSily adapted to other physical layer 
implementations. 


• The daughterboard 
communicates with a 
DV82527 satellite board acting as an 
additional network node. The satellite 
board requires no host-CPU 
programming and uses dip switches to 
choose various communication options 


• Quick setup and installation 
• Interfaces to high performance 16-bit 
host-CPU 


• 


intele 


• Assists the development of CAN application 
software 
• Demonstrates 
CAN Specification 2.0 protocol 
and features 
• Uses standard 
Personal Computer host 


Assembly language programs for the 
87C196KR motherboard 
may be downloaded to 
the microcontroller 
and executed. The monitor 
program has the following features: 
• Program loading 
• Program disassembly 
• In-monitor assembler that allows program to 
be written on-line 
• 16 breakpoints 
• Single-stepping 
• Specific commands to interrogate 
82527 
messages and status 


The 87C916KR is a powerful 16-bit 
microcontroller 
with high speed I/O, an A/D 
converter, full duplex serial I/O (synchronous 
and asynchronous), 768 bytes of RAM and 
16 Kbytes of EPROM. 


The interface between the 82527 CAN device 
and the 87C196KR microcontroller 
is 


•completed by connecting the mother and 
daughterboards 
together. The 82527 device 
interfaces to the 87C196KR using either an 
8- or 16-bit multiplexed address/data 
bus. 
CAN bus communication 
utilizes the on-board 
RS-485 interface or connects to a user defined 
physical interface. 


The two 8-bit I/O ports of the 82527 device 
connect to dip switches or LED displays 
allowing the user to change or monitor the 
operation of the 82527 and the 87C196KR 
devices. 


The daughterboard 
connects to a satellite 
board via a cable serving as the CAN bus. It 
executes a series of fixed programs which are 
user-selected dip switches. The satellite board 
receives and transmits 
one-byte messages of 
either 11- or 29-bit message identifier format. 
Messages may use one of four possible message 
identifiers. The satellite sends remote frames 
as well. 


The reception and transmission 
of satellite 
board messages is monitored on LED displays. 


PERSONAL 
COMPUTER 
REQUIREMENTS 


The EV82527 evaluation kit is hosted on an 
IBM PC AT, XTor BIOS-compatible clone. The 
PC must meet the following requirements: 
• 512 Kbytes of memory 
• One 1.2 Meg floppy Disk Drive 
• MS-DOS 3.0 or later 
• A serial (COM1 or COM2) at 9600 baud 
• ASM-96, iC-96 or PL/M-96 or any 8096 
Assembler/Compiler 
that generates Object 
Module Format code 
• A text editor such as AEDIT 


MCS® 96 Microcontroller 
6 
Architectural 
Overview and 
Quick References 
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MCS®-96 Architectural 
Overview 
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The MCS-96 family members are all high performance 
microcontrollers with a l6-bit CPU and at least 230 
bytes of on-chip RAM. The Intel MCS-96 family easily 
handles high speed calculations and fast input/output 
(110) operations. Typical applications include closed- 
loop control and mid-range digital signal processing. 
Modems, motor control system, printers, engine con- 
trol system, photocopiers, anti-lock brakes, air condi- 
tioner control systems, disk drives and medical instru- 
mentation all use MCS-96 products. 


All of the MCS-96 components share a common in- 
struction set and architecture. However, the CHMOS 


O"-O-OQ 
~~~~~~ 
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KR Only 


components have enhancements to provide higher per- 
formance with lower power consumption. To further 
decrease power usage, idle and power-down modes are 
available on these devices. These microcontrollers con- 
tain dedicated 
I/O 
subsystems and perform 
l6-bit 


arithmetic instructions including multiply and divide 
operations. 


This overview briefly describes the MCS-96 instruction 
set and architecture and provides descriptions for the 
8X9X, 80C196KB, 80Cl96KC 
and 80Cl96KR 
key 


features. 
Comprehensive 
user's 
guides that 
contain 


more information 
about these devices are available. 


Figure 1.1 shows a block diagram of the MCS-96 archi- 
tecture. 
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17-bit ALU, 
the Program 
Status 
Word (PSW), 
the Pro- 
gram 
Counter 
(PC), 
a loop counter 
and three 
tempo- 
rary registers. 
The RALU 
operates 
directly 
on the Reg- 
ister File, thus eliminating 
accumulator 
bottleneck 
and 
providing 
for direct 
control 
of I/O operations 
through 
the SFRs. 


The 
major 
components 
of the 
MCS-96 
CPU 
are 
the 
Register 
File and 
the Register/Arithmetic 
Logic 
Unit 
(RALU). 
Locations 
OOH through 
17H are the I/O con- 
trol registers 
or Special Function 
Registers 
(SFRs). 
Lo- 
cations 
18H and 
19H contain 
the stack pointer, 
which 
can serve as general 
purpose 
RAM 
when not perform- 
ing stack operations. 
The remaining 
bytes of the regis- 
ter file serve 
as general 
purpose 
RAM, 
accessible 
as 
bytes, 
words 
or double-words. 
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The MCS-96 supports a complete instruction set which 
includes bit operations, byte operations, word opera- 
tions, double-word operations (unsigned 32-bit), long 
operations (signed 32-bit), flag manipulations as well as 
jump and call instructions. All the standard logical and 
arithmetic instructions function as both byte and word 
operations. The Jump Bit Set and Jump Bit Clear in- 
structions can operate on any of the SFRs or bytes in 
the lower register file. These fast bit manipulations al- 
low for rapid I/O functions. 


Byte and word operations make-up most of the instruc- 
tion set. The assembly language ASM-96 uses a "B" 
suffix on a mnemonic for a byte operation, otherwise 
the mnemonic refers to a word operation. One, two or 
three operand forms exist for many of the instructions. 


Long and double-word operations include shifts, norm- 
lize, multiply and divide. The dIvide instruction func- 
tions as a 32-bit by 16-bit divide that generates a l6-bit 
quotient and l6-bit remaInder. The word multiply op- 
erates as a l6-bit by l6-bit multiply with a 32-bit result. 
Both operations can function in either the signed or 
unsigned mode. The normalize instruction and sticky 
bit flag provide hardware 
support 
for the software 


floating point package (FPAL-96). 


The MCS-96 instruction set supports the following ad- 
dressing modes: register-direct, indirect, indirect with 
auto-increment, immediate, short-indexed and long-in- 
dexed. These modes increase the flexibility and overall 
execution speed of the MCS-96 devices. Each instruc- 
tion uses at least one of the addressing modes. These 
modes and forlnats are shown in Figure 3.1. 


Mnem 
Mnem 
Mnem 


Dest or Srcl 
Dest. Srcl 
Dest. Srcl. Src2 


Mnem 
Mnem 
Mnem 


#Srcl 
Dest. #Srcl 
Dest. Srcl. #Src2 


Mnem 
Mnem 
Mnem 
Mnem 
Mnem 
Mnem 


[addr] 
[addr]+ 
Dest. 
[addr] 
Dest. 
[addr]+ 
Dest. Srcl. [addr] 
Dest, Srcl, [addr]+ 


Mnem 
Mnem 
Dest, offs[addr] 
Dest, Srcl, offs[addr] 


;One operand direct 
;Two operand direct 
;Three operand direct 


;One operand immediate 
;Two operand immediate 
;Three operand immediate 


;One operand indirect 
;One operand indirect auto-ihcrement 
;Two operand indirect 
;Two operand indirect auto-increment 
;Three operand indirect 
;Three operand indirect auto-increment 


;Two operand indexed 
(short or long) 
;Three operand indexed 
(short or long) 


Where: 
Mnem = instruction mnemonic 
Dest = destination 
register 
Srcl, Src2 = source registers 
addr = word register used in computing the address of an operand 
offs = offset used in computing the address of an operand 
• 


The 
register-direct 
and 
immediate 
addressing 
modes 
execute 
faster 
than 
the other 
addressing 
modes. 
The 
register-direct 
addressing 
mode provides 
access to the 
addresses in the register file and the SFRs. The indexed 
modes provide for direct access to the remainder 
of the 
64K address space. Immediate 
addressing 
uses the data 
following the opcode as the operand. 


Both of the indirect addressing 
modes use the value in a 
word register 
as the address 
of the operand. 
The indi- 
rect auto-increment 
mode 
increments 
a word 
address 
by one after 
a byte operation 
and two after 
a word 
operation. 
This addressing 
mode provides 
easy access 
into look-up tables. 


The long-indexed 
addressing 
mode provides 
direct ac- 
cess to any of the locations 
in the 64K address 
space. 


This mode forms the address of the operand 
by adding 
a 16-bit 2's complement 
value to the contents 
of a word 
register. Indexing 
with the zero register allows "direct" 
addressing 
to any location. 
The short-indexed 
address- 
ing mode forms the address 
of the operand 
by adding 
an 8-bit 2's complement 
value to the contents 
of a word 
register. 


The 
8XC196NT 
has 9 new instructions 
which 
have 
been implemented 
to support 
addressing 
the extended 
I Mbyte address space of the 8XCI96NT 
family. Four 
extended 
load and store instructions 
using indirect, 
in- 
direct auto increment, 
or extended 
indexed addressing, 


can be used 
to address 
the 
1 Mbyte 
address 
space. 


Three instructions 
are for extended calls, branches, 
and 
jumps. 
An extended 
version 
of the interruptible 
and 
non-interruptible 
block 
moves 
have also been imple- 
mented. 


The multiple addressing 
modes of the MCS-96 make it 
easy to program 
in assembly 
language 
and provide 
an 
excellent interface to high-level languages. 
The instruc- 


tions accepted 
by the assembler 
consist of mnemonics 


followed by either addresses or data. Refer to the Quick 
Reference 
section 
for Instruction 
Summary 
tables for 


each 
device. 
The 
MCS-96 
Macro 
Assembler 
Users 


Guide contains 
additional 
ASM96 information. 


Standard 
I/O 
Ports-The 
8X9X 
has five 8-bit I/O 
ports. Port 0 is an input port that is also the anlog input 
for the A/D 
converter. 
Port 
1 is a quasi-bidirectional 


port. Port 2 contains 
three types of port lines: quasi-bi- 
directional, 
input 
and output. 
Other 
functions 
on the 


8X9X share 
the input 
and output 
lines with Port 
2. 


Ports 
3 and 4 are open-drain 
bidirectional 
ports 
that 


share their pins with the address/data 
bus. 


Timers-The 
8X9X has two 16-bit timers, Timer! 
and 
Timer2. An internal clock increments 
the Timer! 
value 


every 8 state times. (A state time is 3 oscillator 
periods.) 


An external 
clock increments 
Timer2 on every positive 


and negative transition. 
Either 
an internal 
or external 


source can reset Timer2. Timerl 
and Timer2 can gener- 


ate an interrupt 
when 
crossing 
the OFFFFH/OOOOH 
boundary. 
The 8X9X also includes 
separate, 
dedicated 
timers 
for 
the 
Serial 
Port 
baud 
rate 
generator 
and 
Watchdog 
Timer. 
The Watchdog 
Timer 
is an internal 
timer that resets the system if the software fails to oper- 
ate properly. 


HSIO 
AID 
Serial 
Synch. 
Slave 
3·Phase 
Product 
Timers 
IEPA 
CHS 
Port 
Serial 
PWMS 
PTS 
Port 
Waveform 
Port 
Generator 


8098 
2 
HSIO 
4 
YES 
1 


8097BH 
2 
HSIO 
8 
YES 
1 


8097JF 
2 
HSIO 
8 
YES 
1 


80C198 
2 
HSIO 
4 
YES 
1 


80C196KB 
2 
HSIO 
8 
YES 
'. 
1 


80C196KC 
2 
HSIO 
8 
YES 
3 
YES 


80C196KD 
2 
HSIO 
8 
YES 
3 
YES 


80C196KR 
2 
EPA 
8 
YES 
YES 
YES 
YES 


80C196KT 
2 
EPA 
8 
YES 
YES 
YES 
YES 


80C196NT 
2 
EPA 
4 
YES 
YES 
YES 
YES 


80C196MC 
2 
EPA 
13 
YES 
YES 
YES 


High 
Speed 
Input 
Unit 
(HSI}- 
The 8X9X HSI 
unit 
can record times of external 
events with a 9 state time 
resolution. 
It can monitor 
four independently 
configu- 
rable HSI lines and capture 
the value of Timer! 
when 
an event(s) 
takes place. The four types of events that 
can trigger captures 
include: 
rising edges only, falling 
edges only, rising or falling edges, or every eighth rising 
edge. The HSI unit can store up to 8 entries (Timer! 
values). Reading 
the HSI holding 
register unloads 
the 
earliest 
entry 
placed 
in the FIFO. 
The HSI unit can 
generate 
an interrupt 
when loading 
an entry into the 
HSI holding register or loading the sixth entry into the 
FIFO. 


High Speed Output 
Unit (HSO}- 
The 8X9X HSO unit 
can trigger events at specified times based on Timer! 
or 
Timer2. 
These 
programmable 
events include: 
starting 
an A/D 
conversion, 
resetting Timer2, generating 
up to 
four software time delays, and setting or clearing one or 
more of the 6 HSO output 
lines. The HSO unit stores 
pending 
events 
and the specified 
times in a Content 
Addressable 
Memory (CAM) file. This file stores up to 
eight commands. 
Each 
command 
specifies the action 
time, the nature of the action, whether an interrupt 
is to 
occur, and whether 
Timer! 
or Timer2 is the reference 
timer. Every 8 state times the HSO compares 
the CAM 
locations 
for time matches. 
The HSO unit triggers the 
specified event when it finds a time match. A command 
is cleared from the CAM as soon as it executes. 


The Serial Port-The 
Serial Port on the 8X9X has one 
synchronous 
(Mode 0) and three asynchronous 
modes 
(Modes 
I, 2 and 3). The asynchronous 
modes are full 
duplex, 
meaning 
they can transmit 
and 
receive data 
simultaneously. 
The receiver on the 8X9X is butTered 
so the reception 
of a second byte may begin before the 
first byte is read. The most common use of Mode 0, the 
synchronous 
mode, is to expand the I/O 
capability 
of 
the 8X9X using shift registers. Mode I is the standard 
asynchronous 
mode used for normal serial communica- 
tion. The data frame for Mode I consists of 10 bits: a 
start bit, 8 data bits (LSB first) and a stop bit. If parity 
is enabled (PEN = I), an even parity bit is sent instead 
of the 8th data 
bit. Modes 
2 and 
3 are 9-bit modes 
commonly 
used 
for multiprocessor 
communications. 
The data frame used in these modes consists of II bits: 
a start 
bit, nine data bits (LSB first) and a stop bit. 
Devices in Mode 2 will interrupt 
upon reception only if 
the 9th data bit is set. Devices in Mode 3 will always 
interrupt 
upon reception. 
Mode 3 also allows transmis- 
sion of 8 data bits plus an even parity bit. 


Pulse 
Width 
Modulator 
(PWM}- 
The PWM 
output 
waveform 
is a variable 
duty 
cycle pulse that 
repeats 
every 256 state times. The Pulse Width 
Modulator 
of 
the 8X9X can provide 
useful signals 
for a variety 
of 
applications. 
The PWM output 
can perform 
digital to 
analog conversions 
and drive several types of motors 
that require a PWM waveform for more efficient opera- 
tion. 


A/D 
Converter-The 
8X9X A/D 
Converter 
converts 
an analog input to a lO-bit digital equivalent. 
The main 
components 
of the AID Converter 
are: 8 analog inputs, 
an 8 to I multiplexer, 
a sample and hold capacitor 
and 
the resistor ladder. The A/D 
Quick Reference 
section 
defines the A/D 
terms. The A/D 
Converter 
can start a 
conversion 
immediately 
or the High Speed Output 
unit 
can trigger a conversion at a preprogrammed 
time. The 
A/D 
Converter 
performs 
a conversion 
in 
88 state 
times. 
Upon 
completion 
of each conversion 
the con- 
verter 
can generate 
a conversion 
complete 
interrupt. 


The 8X9X provides separate 
VREF and ANGND 
sup- 
ply pins to isolate noise on the Vcc or V55 lines. 


Interrupts-There 
are 21 interrupt 
sources and 8 inter- 
rupt vectors on the 8X9X. When the interrupt 
control- 
ler 
detects 
one 
of 
the 
8 
interrupts 
it 
sets 
the 
corresponding 
bit in the interrupt 
pending register. In- 
dividual interrupts 
are enabled or disabled by setting or 
clearing bits in the interrupt 
mask register. 
When the 
interrupt 
controller 
decides to process an interrupt, 
it 
executes a "call" to an Interrupt 
Service Routine 
(ISR). 


The corresponding 
interrupt 
vector 
contains 
the 
ad- 
dress of the ISR. The interrupt 
controller 
then clears 
the associated 
pending bit. 


Standard 
I/O 
Ports-The 
8XCI96KB 
has five 8-bit 
I/O ports. Port °is an input port that is also the analog 
input for the A/D 
converter. 
Port 
I is a quasi-bidirec- 
tional 
port. 
Port 
2 contains 
three 
types of port 
lines: 
quasi-bidirectional, 
input 
and output. 
Other 
functions 
on the 
8XCI96KB 
share 
the input 
and 
output 
lines 
with Port 2. Ports 3 and 4 are open-drain 
bidirectional 
ports that share their pins with the address/data 
bus.• 


Timer I value every 
8 state 
times. 
(A state time IS 2 
oscillator 
periods.) 
An 
external 
clock 
increments 
or 
decrements 
Timer2 on every positive and negative tran- 
sition. 
Either 
an internal 
or external 
source 
can reset 
Timer2. 
Timerl 
can generate 
an interrupt 
when cross- 
ing the OFFFFH/OOOOH 
boundary. 
Timer2 
can gener- 
ate an interrupt 
when 
crossing 
the OFFFFH/OOOOH 
boundary 
or 
the 
7FFFH/8000H 
boundary. 
The 
8XCI96KB 
also includes separate, 
dedicated 
timers for 
the 
baud 
rate 
generator 
and 
Watchdog 
Timer. 
The 
Watchdog 
Timer 
is an internal 
timer 
that 
resets the 
system if the software 
fails to operate 
properly. 


High 
Speed Input 
Unit (HSD---The 
8XCI96KB 
HSI 
unit can record times of external 
events with a 9 state 
time resolution. 
It can monitor 
four independently 
con- 
figurable 
HSI 
lines and capture 
the value of Timerl 
when an event(s) takes place. The four types of events 
that can trigger captures 
include: rising edges only, fall- 
ing edges only, rising or falling edges, or every eighth 
rising 
edge. The 
HSI 
unit 
can store 
up to 8 entries 
(Timer! 
values), 7 in the 7-level FIFO and I in the HSI 
holding 
register. 
Reading 
the HSI holding register 
un- 
loads the earliest 
entry 
placed 
in the FIFO. 
The HSI 
unit can generate 
an interrupt 
when: loading 
an entry 
into the HSI holding 
register, 
loading the fourth 
entry 
into the FIFO or loading the sixth entry into the FIFO. 


High 
Speed 
Output 
Unit 
(HSO)---The 
8XCI96KB 
HSO unit can trigger events at specified times based on 
Timerl 
or 
Timer2. 
These 
programmable 
events 
in- 
clude: 
starting 
an AID 
conversion, 
resetting 
Timer2, 
generating 
up to four software time delays, and setting 
or clearing one or more of the 6 HSO output lines. The 
HSO unit stores pending events and the specified times 
in a Content 
Addressable 
Memory (CAM) file. This file 
stores up to eight commands. 
Each command 
specifies 
the action 
time, the nature 
of the action, 
whether 
an 
interrupt 
is to occur, and whether 
Timerl 
or Timer2 is 
the reference 
timer. Every 8 state times the HSO com- 
pares the CAM 
locations 
for time matches. 
The HSO 
unit 
triggers 
the specified 
event when it finds a time 
match. 
A command 
can either clear from the CAM as 
soon as it executes or remalll 
III the CAM as a locked 
CAM entry and continue 
to execute whenever 
its time 
tag matches the reference timer. Locked entries are use- 
ful 
in 
applications 
requiring 
periodic 
or 
repetitive 
events to occur such as multiple 
PWMs. 


nas one synChronous 
~Mode U) and three asynchronous 
modes 
(Modes 
I, 2 and 3). The asynchronous 
modes 
are full duplex, 
meaning 
they can transmit 
and receive 
data simultaneously. 
The receiver on the 8XCI96KB 
is 
butTered so the reception 
of a second 
byte may begin 
before the first byte is read. The transmitter 
is also dou- 
ble butTered and can generate 
continual 
transmissions. 
The 
most common 
use of Mode 
0, the synchronous 
mode, 
is 
to 
expand 
the 
I/O 
capability 
of 
the 
8XCI96KB 
uSlllg shift registers. 
Mode 
I is the stan- 
dard asynchronous 
mode used for normal 
serial com- 
municauon. 
The data frame for Mode 
I consists 
of 10 
bits: a start bit, 8 data bits (LSB first) and a stop bit. If 
parity is enabled (PEN 
= I), an even parity bit is sent 
instead 
of the 8th data 
bit. Modes 
2 and 3 are 9-bit 
modes commonly 
used for multiprocessor 
commumca- 
tlOns. The data frame used in these modes consists of II 
bits: a start bit, mne data bits (LSB first) and a stop bit. 
Devices m Mode 2 Will interrupt 
upon reception 
only if 
the 9th data bit is set. DeVICes III Mode 3 will always 
interrupt 
upon reception. 
Mode 3 also allows transmis- 
sion of 8 data bits plus an even parity bit. 


Pulse 
Width 
Modulator 
(PWM)--- The 
Pulse 
Width 
Modulator 
of the 8XCI96KB 
can prOVide useful sig- 
nals for a variety of applications. 
The PWM output can 
perform 
digital to analog conversions 
and drive several 
types 
of motors 
that 
require 
a PWM 
waveform 
for 
more efficient opera ton. The PWM output 
waveform is 
a variable duty cycle pulse that repeats every 256 state 
times or 512 state times. 


AID Converter-The 
8XCI96KB 
AID Converter 
con- 
verts an analog input to a IO-bit digital equivalent. 
The 
main components 
of the AID Converter 
are: 8 analog 
inputs, an 8 to I multiplexer, 
a sample and hold capaci- 
tor and the resistor ladder. 
Refer to the data sheet for 
all 
specifications 
on 
AID 
performance. 
The 
AID 
QUick Reference 
section 
defines the AID 
terms. 
The 
AID Converter 
can start a conversion 
immediately 
or 
the High Speed Output 
unit can trigger a conversion 
at 
a preprogrammed 
time. The AID Converter 
can per- 
form a conversion 
in either 91 state times for low crys- 
tal frequencies 
and 
158 state times for hIgher 
crystal 
frequencies. 
Upon 
completion 
of each converSIOn the 
converter 
generates 
a conversion 
complete 
interrupt. 


The 8XCI96KB 
prOVides separate 
VREF and ANGND 
supply pins to isolate noise on the VCC or Vss lines. 


Interrupts-There 
are 28 interrupt 
sources and 16 in- 
terrupt 
vectors on the 8XCI96KB. 
Additionally, 
there 
are 2 special interrupt 
vectors 
for Software 
Trap 
and 
Unimplemented 
Opcodes. 
When the interrupt 
control- 
ler detects 
one of the 
16 interrupts 
it sets the corre- 
sponding 
bit in one of two interrupt 
pending 
registers. 
Individual 
interrupts 
are enabled or disabled by setting 
or clearing 
bits in the interrupt 
mask registers. 
When 
the interrupt 
controller 
decides to process an interrupt, 
it executes 
a "call" 
to an Interrupt 
Service 
Routine 
(ISR). The corresponding 
interrupt 
vector contains 
the 
address of the ISR. The interrupt 
controller 
then clears 
the associated 
pending bit. 


6.0 
8XC196KC and 8XC196KD 
PERIPHERALS 


Standard 
I/O 
Ports-The 
8XCI96KC/KD 
has five 
8-bit I/O 
ports. Port 0 is an input port that is also the 
analog input for the A/D 
converter. 
Port 
I is a quasi- 
bidirectional 
port that shares pins with two PWM out- 
puts. Port 2 contains 
three types of port lines: quasi-bi- 
directional, 
input 
and output. 
Other 
functions 
on the 
8XCI96KC/KD 
share the input and output 
lines with 
Port 2. Ports 3 and 4 are open-drain 
bidirectional 
ports 
that share their pins with the address/data 
bus. 


Timers-The 
8XCI96KC/KD 
has two 
16-bit timers, 
Timer! 
and Timer2. 
An internal 
clock increments 
the 
Timer! 
value every 
8 state 
times. 
(A state 
time is 2 
oscillator 
periods.) 
An internal 
clock 
or an external 
clock can drive Timer2. 
When clocked internally 
Tim- 
er2 can 
increment 
every 
I or 
8 state 
times. 
When 
clocked externally 
Timer2 increments 
or decrements 
on 
every positive and negative 
transition. 
Either 
an inter- 
nal or external 
source 
can reset Timer2. 
TimeI'I 
can 
generate 
an 
interrupt 
when 
crossing 
the 
OFFFFH/ 
OOOOHboundary. 
Timer2 
can 
generate 
an 
interrupt 
when 
crossing 
the OFFFFH/OOOOH boundary 
or the 
7FFFH/8000H 
boundary. 
The 
8XCI96KC/KD 
also 
includes 
separate, 
dedicated 
timers 
for the baud 
rate 
generator 
and Watchdog 
Timer. The Watchdog 
Timer 
is an internal timer that resets the system if the software 
fails to operate 
properly. 


High 
Speed Input Unit (HSI)-The 
8XCI96KC/KD 
HSI unit can record 
times of external 
events with a 9 
state time resolution. 
It can monitor 
four independently 
configurable 
HSI lines and capture 
the value of TimeI'I 
when an event(s) takes place. The four types of events 
that can trigger captures 
include: rising edges only, fall- 
ing edges only, rising or falling edges, or every eighth 


rising edge. The 
HSI unit 
can store 
up to 8 entries 


(Timer! 
values), 7 in the 7-level FIFO and I in the HSI 
holding 
register. Reading 
the HSI holding 
register un- 
loads the earliest 
entry 
placed 
in the FIFO. 
The HSI 
unit can generate 
an interrupt 
when: loading 
an entry 
mto the HSI holdmg 
register, 
loading the fourth 
entry 
into the FIFO or loading the sixth entry into the FIFO. 


High 
Speed 
Output 
Unit 
<HSO)-The 
8XCI96KC/ 


KD 
HSO 
unit 
can 
trigger 
events 
at specified 
times 
based 
on 
TimeI'I 
or 
Timer2. 
These 
programmable 
events mclude; 
starting 
an A/D 
conversion, 
resetting 
Ttmer2, generating 
up to four software timers, and set- 
ting or clearing one or more of the 6 HSO output 
lines. 


The HSO unit stores pending 
events and the specified 
times in a Content 
Addressable 
Memory 
(CAM) 
file. 


This file stores up to eight commands. 
Each command 
specifies 
the 
actIOn time, 
the 
nature 
of the 
action, 


whether 
an interrupt 
is to occur, and whether 
Timer! 
or Timer2 is the reference timer. Every 8 state times the 
HSO compares 
the CAM 
locations 
for time matches. 


The HSO unit triggers the specified event when it finds 
a time match. 
A command 
can either 
clear from the 
CAM as soon as it executes or remain in the CAM as a 
locked CAM entry 
and continue 
to execute 
whenever 
its time tag matches the reference timer. Locked entries 
are useful in applications 
requiring 
periodic 
or repeti- 
tive events to occur such as multiple 
PWMs. 


The Serial 
Port-The 
Serial Port on the 8XCI96KC/ 


KD has one synchronous 
(Mode 0) and three asynchro- 
nous 
modes 
(Modes 
I, 2 and 
3). The 
asynchronous 
modes are full duplex, 
meaning 
they can transmit 
and 
receive 
data 
simultaneously. 
The 
receiver 
on 
the 
8XCI96KC/KD 
IS butTered so the reception 
of a sec- 
ond byte may begin before the first byte is read. The 
• 
transmitter 
is also double 
bufered 
and 
can 
generate 
I 
continual 
transmissions. 
The 
most 
common 
use 
of 
Mode 0, the synchronous 
mode, is to expand 
the I/O 
capability 
of the 8XCI96KC/KD 
using shift registers. 
Mode 
I is the standard 
asynchronous 
mode used for 
normal 
serial 
communication. 
The 
data 
frame 
for 
Mode I consists of 10 bits; a start bit, 8 data bits (LSB 
first) and a stop bit. If parity is enabled (PEN = I), an 
even parity bit is sent instead of the 8th data bit. Modes 
2 and 3 are 9-bit modes commonly 
used for multipro- 
cessor communications. 
The data 
frame used in these 
modes consists of II bits: a start bit, nine data bits (LSB 
first) and a stop bit. Devices in Mode 2 will interrupt 
upon reception 
only if the 9th data bit is set. Devices in 
Mode 3 will always interrupt 
upon reception. 
Mode 3 
also allows 
transmission 
of 8 data 
bits plus an even 
parity bit. 


Pulse Width Modulator (PWM)-The 
8CXI96KC/ 
KD has 3 PWM outputs. The output waveform is a 
variable duty cycle pulse which is selectable to repeat 
every 256 state times or 512state times. Severaltypes of 
motors require a PWM waveformfor most efficientop- 
eration. Additionally, filtering this waveform will pro- 
duce a DC levelthat can change in 256 steps by varying 
the duty cycle. 


A/D Converter-The 
8XCI96KC/KD 
A/D Convert- 
er converts an analog input to a digital equivalent. Res- 
olution is either 8 or 10bits with programmable sample 
and convert times. The main components of the A/D 
Converter are: a sample and hold, an 8-channel multi- 
plexer, and an 8-bit or 10-bitsuccessiveapproximation 
analog-to-digital converter. Refer to the data sheet for 
all specifications on A/D 
performance. The A/D 
Quick Reference section defines the A/D terms. The 
converter can start a conversion immediately or the 
High Speed Output unit can trigger a conversion at a 
preprogrammed time. Upon completion of each conver- 
sion the converter generates a conversion complete in- 
terrupt. The 8XCI96KC/KD 
provides separate VREF 
and ANGND supply pins to isolate noise on the Vcc 
or V55 lines. 


Interrupts-There 
are 28 interrupt sources and 16 in- 
terrupt vectors on the 8XCI96KC/KD. 
In addition 
there are 2 special interrupt vectors (SoftwareTrap and 
Unimplemented Opcode) used in Intel development 
tools or evaluation boards. When the interrupt control- 
ler detects one of the 16 interrupts it sets the corre- 
sponding bit in one of two interrupt pending registers. 
Individual interrupts are enabled or disabled by setting 
or clearing bits in the interrupt mask registers. When 
the interrupt controller decides to process an interrupt, 
it executes a "call" to an Interrupt Service Routine 
(ISR). The corresponding interrupt vector contains the 
address of the ISR. The interrupt controller then clears 
the associated pending bit. 


Peripheral Transaction Server (PTS)- The PTS is a 
microcoded hardware interrupt processor. It responds 
to interrupts with a fixed set of actions. These actions 
consist of: transferring data, starting an AID conver- 
sion, reading the HSI FIFO and loading HSO events. 
The PTS completes these tasks much faster than using 
interrupt driven service routines. The PTS can service 
all interrupts except NMI, Trap and Unimplemented 
Opcode. Each interrupt managed by the PTS requires a 
block of data called the PTS Control Block (PTSCB). 
Each PTSCB requires 8 data bytes in register RAM. 


The PTSCB determines: the type of PTS, the number of 
PTS responses (if applicable), the source for data and 
the destination (if applicable). PTS cycles have a higher 
priority than interrupts and may temporarily suspend 
interrupt service routines. 


7.0 
8XC196KR 
and 8XC196KT 
PERIPHERALS 


Standard I/O 
Ports-The 
8XCI96KR/KT 
has six 


8-bit I/O ports. Each pin operates as a dedicated input 
or output. Most pins also have an alternate function. 
The KR/KT does not use the quasi-bidirectional port 
pins found on previous MCS-96 devices. As an input, 
the pin is a true high impedance with no pull-ups or 
pull-downs. Most ports (Ports I, 2, 5 and 6) have direc- 
tion 
registers 
(Px_DIR), 
mode 
registers 


(Px_MODE), data input registers (Px_PIN) 
and data 
output registers (Px_REG). 
This allows the user to 
configure each port pin as input, output, open-drain 
output or alternate function. Ports 3 and 4 have 
Px_PIN 
and Px_REG 
registers and lack internal 
pull-ups. As standard outputs, these pins can only func- 
tion in open-drain mode and need external pull-ups. 
Ports 3 and 4 also are the multiplexed address/data 
bus. When emitting the address, an internal pull-up de- 
vice is active and does not need external pull-ups. Port 
o is the analog input port, and only has a Px_PIN 
register becausethere are no output drivers. As a digital 
port, Port 0 pins can only function as inputs. 


Event Processor Array (EPA)-The 
EPA performs in- 
put event capture and output event generation func- 
tions using Timerl and Timer2. It consists of 10 cap- 
ture/compare modules, 2 compare only modules and 
the 2 timers. In capture mode, when an external event 
occurs the EPA stores the value of the timer, generates 
an interrupt or both. A rising, falling, or any edge can 
trigger a capture. All captures are double buffered. In 
compare mode, when the timer matches the value in 
the compare register the EPA changes the state of an 
output pin, generates an interrupt, or both. The EPA 
sets, resets or toggles the pin when the compare occurs. 
The timers can count up or count down. The clock 
source to the timers can be internal or external. The 
clock also goes through a programmable prescaler. The 
prescaler dividesthe oscillator frequency within a range 
of I to 64. The EPA also allows two channels to control 
a single output pin that is useful for high-speed PWM 
generation. 


Serial I/O 
Port (SIO)--The 
SIO (also known as the 
UART) supports 8- or 9-bit data frames with one syn- 
chronous mode and 3 asynchronous modes. The syn- 
chronous mode transmits 
or receives 8 bits of data' 
without start or stop bits and generates a shift clock. 
All other devices must synchronize to the 8XCI96KRI 
KT's shift clock. The asynchronous frames contain a 
start and stop bit, making them either 10 or II bits 
long. The II-bit frames allow implementation of spe- 
cialized multiprocessor communication interfaces. Two 
of the asynchronous modes support parity error detec- 
tion. All three asynchronous modes support full or half 
duplex operation. Also included is a dedicated baud 
rate generator. The SIO on the 8XCI96KR/KT 
is 
compatible with all MCS-96 and MCS-51 devices. 


Synchronous Serial I/O 
Port (SSIO)-- The SSIO in- 


cludes two Serial I/O communication ports with sepa- 
rate data and clock pins. The data format is eight data 
bits only. The clock and data pins can be inputs or 
outputs. This peripheral supports several standard syn- 
chronous serial protocols. A handshake mode allows 
two serial channels to transfer data without requiring 
extra lines to convey their status. The handshake mode 
also permits servicing of the SSIO by the PTS. The 
serial channel includes a dedicated baud rate generator. 
Each channel has a single byte butTer. If clocked exter- 
nally, both channels can simultaneously operate at dif- 
ferent frequencies. Maximum baud rate is 1/. the oscil- 
lator frequency. The transmission or reception of a byte 
sets an interrupt pending flag. 


AID Converter-Converts 
analog inputs to a digital 
equivalent. Resolution is either 8 or 10 bits with pro- 
grammable sample and convert times. The main com- 
ponents of the A/D converter are: 8 analog inputs, 8 to 
I multiplexer, sample and hold capacitor and the resis- 
tor ladder. Refer to the data sheet for all specifications 
on A/D performance. The A/D Quick Reference sec- 
tion defines the AID terms. Another function imple- 
mented with the A/D converter is threshold detection. 
The converter generates an interrupt when the analog 
input is greater than or less than a programmed digital 
value. The 
KR/KT 
provides 
separate 
VREF and 
ANGND 
supply pins to isolate noise on the Vcc or 
Vss lines. 


Interrupts-There 
are 37 interrupt sources and 18 in- 
terrupt vectors on the 8XCI96KR/KT. 
With so many 
more sources than vectors, the KRiKT 
implements in- 


direct interrupts. 17 of the interrupts are direct, which 
means each interrupt has one source and a dedicated 
vector location. The remaining 20 interrupt sources are 
the indirect interrupts. The term indirect is used be- 
cause they share the same interrupt vector and another 
register identifies the interrupt 
source. The register, 
EPAIPV, 
contains 
the 
highest 
ending 
interrupt. 
EPAIPV is read to determine the interrupt needing sev- 
ice. The TIJMP instruction with EPAIPV simplifies 
the servicing of indirect interrupts. The direct inter- 
rupts include: NMI, External Interrupt, 
Trap, Unim· 


plemented Opcode, SIO interrupts, 
SSIO interrupts, 
slave port interrupts, AID converter and the lower 4 
EPA channels. The indirect interrupts include: the up- 
per 6 EPA channels, the 2 compare channels, all 10 
EPA overruns and both timer overflows. 


Peripheral 
Transaction Server (PTS)-- The PTS is a 
microcoded hardware interrupt processor. It responds 
to interrupts with a fixed set of actions. These actions 
consist of: transferring data, starting an AID conver- 
sion or generating PWM outputs. The PTS completes 
these tasks much faster than using interrupt 
driven 
service routines. The PTS can service all interrupts ex- 
cept NMI, Trap and Unimplemented Opcode. The reg- 
ister PTSSEL selects the interrupts 
handled by the 
PTS. Each interrupt managed by the PTS requires a 
block of data called the PTS Control Block (PTSCB). 
Each PTSCB requires 8 data bytes in register RAM. 
The PTSCB determines: the type of PTS, the number of 
PTS responses (if applicable), the source for data and 
the destination (if applicable). PTS cycles have a higher 
priority than interrupts and may temporarily suspend 
interrupt service routines. 


Slave Port-The 
slave port is an interface between the. 
KR/KT and a microprocessor. The KR/KT 
sits on the 
address/data 
bus of the processor and is accessed as a 
memory mapped peripheral. The slave port includes: a 
chip select input, 8-bit bidirectional data bus, an ad- 
dres~ut 
line, ALE input (to latch the address), WR 
and RD inputs to input/output 
data and an interrupt 
output. The address line and the RDIWR select which 
registers are accessed (Output data, Status output, In- 
put data or Command input). The various control sig- 
nals and port structure allow the KR/KT 
and the proc- 
essor to communicate with each other without having 
to be synchronized. 


Extended 
Address 
Port 
(EPORT)-The 
80CI96NT 
is 
the first member of the MCS-96 family to offer address- 
ing that 
exceeds 
64 Kbytes. 
The 
80C196NT 
has 
a 
I Mbyte 
liner 
address 
space 
which 
is implemented 
through 
4 address lines added by the EPORT. 
EPORT 
lines are individually 
assigned to function 
as either ad- 
dress 
or 110. When 
assigned 
as 110, they 
have the 
same functionality 
as a standard 
110 port. As an input, 
the pin is a true high-impedance 
with no pull-ups 
or 
pull-downs. 
As an output, 
the pin is either complemen- 
tary 
or 
open-drain. 
When 
assigned 
as address, 
the 
EPORT 
outputs 
address 
AI6-AI9. 
The 
address 
is 
strongly 
driven through 
the entire bus cycle, eliminat- 
ing the need for an address 
latch. 


Standard 
I/O 
Ports-The 
8XCI96NT 
has 
six 8-bit 
I/O 
ports. 
Each pin operates 
as a dedicated 
input 
or 
output. 
Most pins also have an alternate 
function. 
The 
NT does not use the quasi-bidirectional 
port pins found 


on previous 
MCS-96 devices. As an input, the pin is a 
true 
high impedance 
with no pull-ups 
or pull-downs. 
Most 
ports 
(Ports 
1, 2, 
5 and 
6) 
have 
direction 
registers 
(Px_DIR), 
mode 
registers 
(Px_MODE), 
data input 
registers 
(Px_PIN) 
and data output 
regis- 


ters (Px_REG). 
This allows the user to configure each 


port 
pin as input, 
output, 
open-drain 
output 
or alter- 


nate 
function. 
Ports 
3 and 
4 
have 
Px_PIN 
and 


Px_REG 
registers and lack internal 
pull-ups. As stan- 
dard 
outputs, 
these 
pins can only function 
in open- 


drain 
mode and need external 
pull-ups. 
Ports 
3 and 4 


also are the multiplexed 
address/data 
bus. When emit- 
ting the address, an internal pull-up device is active and 
does not need external 
pull-ups. 
Port 
0 is the analog 
input 
port, 
and only has a Px_PIN 
register 
because 
there are no output 
drivers. 
As a digital port, 
Port 0 
pins can only function 
as inputs. 


Event Processor 
Array (EP A)-The 
EP A performs 
in- 


put event 
capture 
and output 
event generation 
func- 
tions using Timer! 
and Timer2. 
It consists 
of 10 cap- 
ture/compare 
modules, 
2 compare 
only modules 
and 


the 2 timers. In capture 
mode, when an external 
event 
occurs the EP A stores the value of the timer, generates 
an interrupt 
or both. A rising, falling, or any edge can 


trigger 
a capture. 
All captures 
are double buffered. 
In 


compare 
mode, 
when the timer 
matches 
the value in 


the compare 
register 
the EP A changes 
the state of an 


output 
pin, generates 
an interrupt, 
or both. The EPA 
sets, resets or toggles the pin when the compare occurs. 


The 
timers 
can count 
up or count 
down. 
The clock 
source 
to the timers 
can be internal 
or external. 
The 
clock also goes through 
a programmable 
prescaler. 
The 
prescaler divides the oscillator 
frequency within a range 
of I to 64. The EP A also allows two channels to control 
a single output 
pin that is useful for high-speed 
PWM 


generation. 


Serial 
I/O 
Port 
(SIO)-The 
SIO (also known 
as the 
DART) 
supports 
8- or 9-bit data frames with one syn- 
chronous 
mode and 3 asynchronous 
modes. The syn- 
chronous 
mode 
transmits 
or receives 
8 bits of data 
without 
start 
or stop bits and generates 
a shift clock. 


All other devices must synchronize 
to the 8XC196NT's 
shift clock. 
The asynchronous 
frames 
contain 
a start 
and stop bit, making them either 10 or II bits long. The 
II-bit 
frames allow implementation 
of specialized 
mul- 
tiprocessor 
communication 
interfaces. Two of the asyn- 


chronous 
modes 
support 
parity 
error 
detection. 
All 


three asynchronous 
modes support 
full or half duplex 
operation. 
Also included is a dedicated 
baud rate gener- 
ator. The SIO on the 8XCI96NT 
is compatible 
with all 
MCS-96 and MCS-51 devices. 


Synchronous 
Serial 110 Port 
(SSIO)-The 
SSIO in- 
cludes two Serial I/O 
communication 
ports with sepa- 


rate data and clock pins. The data format is eight data 
bits only. The clock and data 
pins can be inputs 
or 
outputs. 
This peripheral 
supports 
several standard 
syn- 
chronous 
serial protocols. 
A handshake 
mode 
allows 
two serial channels 
to transfer 
data 
without 
requiring 
extra lines to convey their status. The handshake 
mode 
also permits 
servicing 
of the SSIO by the PTS. 
The 
serial channel includes a dedicated 
baud rate generator. 
Each channel has a single byte buffer. If clocked exter- 
nally, both channels 
can simultaneously 
operate at dif- 


ferent frequencies. 
Maximum 
baud rate is 1/. the oscil- 


lator frequency. The transmission 
or reception 
of a byte 
sets an interrupt 
pending flag. 


A/D 
Converter-Converts 
analog 
inputs 
to a digital 
equivalent. 
Resolution 
is either 
8 or 10 bits with pro- 
grammable 
sample and convert 
times. The main com- 


ponents of the A/D 
converter 
are: 4 analog inputs, 4 to 


I multiplexer, 
sample and hold capacitor 
and the resis- 
tor ladder. Refer to the data sheet for all specifications 
on A/D 
performance. 
The A/D 
Quick Reference 
sec- 


tion defines the A/D 
terms. 
Another 
function 
imple- 
mented with the A/D 
converter 
is threshold 
detection. 
The converter 
generates 
an interrupt 
when the analog 


input is greater than or less than a programmed 
digital 
value. The NT provides 
separate 
VREF and ANGND 
supply pins to isolate noise on the Vcc 
or VSS lines. 


Interrupts-There 
are 37 interrupt 
sources and 
18 In- 


terrupt 
vectors on the 8XC196NT. 
With so many more 
sources than vectors, the NT implements 
indirect Inter- 


rupts. 
17 of the interrupts 
are direct, which means each 
interrupt 
has one source 
and a dedicated 
vector loca- 
tion. The remaining 
20 interrupt 
sources 
are the indi- 
rect interrupts. 
The term indirect 
is used because they 
share 
the same 
interrupt 
vector 
and another 
register 
identifies 
the interrupt 
source. 
The register, 
EPAIPV, 
contains 
the highest ending interrupt. 
EP AIPV is read 
to determine 
the interrupt 
needing service. The TIJMP 
instruction 
with EPAIPV 
simplifies the servicing of in- 
direct 
interrupts. 
The direct 
interrupts 
include: 
NMI, 
External 
Interrupt, 
Trap, Unimplemented 
Opcode, SIO 
interrupts, 
SSIO interrupts, 
slave port interrupts, 
A/D 
converter 
and the lower 4 EP A channels. 
The indirect 
interrupts 
include: 
the upper 
6 EP A channels, 
the 2 


compare 
channels, 
all 10 EP A overruns 
and both timer 
overflows. 


Peripheral 
Transaction 
Server 
(PTS)- 
The PTS is a 
microcoded 
hardware 
interrupt 
processor 
It responds 
to interrupts 
with a fixed set of actions. These actions 
consist 
of: transferring 
data, 
starting 
an A/D 
conver- 


sion or generating 
PWM 
outputs. 
The PTS completes 
these 
tasks 
much 
faster 
than 
using 
interrupt 
drivc:n 
service routines 
The PTS can service all interrupts 
ex- 
cept NMI, Trap and Unimplemented 
Opcode 
The reg- 


ister 
PTSSEL 
selects 
the 
interrupts 
handled 
by the 
PTS. Each 
interrupt 
managed 
by the PTS requires 
a 
block of data called the PTS Control 
Block (PTSCB). 


Each 
PTSCB 
requires 
8 data bytes in register 
RAM. 


The PTSCB determines: 
the type of PTS, the number of 
PTS responses 
(if applicable), 
the source for data and 
the destination 
(if applicable). 
PTS cycles have a higher 
priority 
than 
interrupts 
and may temporarily 
suspend 
interrupt 
service routines. 


Slave Port-The 
slave port is an Interface between the 
NT and a microprocessor. 
The NT sits on the address/ 


data bus of the processor 
and 
IS accessed as a memory 


mapped 
peripheral. 
The slave port includes: 
a chip se- 


lect input, 8-blt bidirectional 
data bus, an address in~ 
line, ALE 
input 
(to latch 
the address), 
WR and RD 
inputs 
to input/output 
data 
and an interrupt 
output. 


The address 
line and the RD/WR 
select which regis- 


ters are accessed 
(Output 
data, 
Status 
output, 
Input 
data 
or Command 
input). 
The various control 
signals 


and port structure 
allow the NT and the processor 
to 


communicate 
with each other without having to be syn- 


chronized. 


On-Chip 
Peripherals-The 
8XC196MC's 
on-chip 
pe- 
ripherals 
provide special functions 
useful in a variety of 
applications. 
The peripherals 
are monitored 
and con- 
trolled via special function 
registers (SFRs) that can be 
accessed indirectly 
or windowed 
and thereby 
treated as 
CPU "accumulators." 


I/O 
Ports-The 
8XCl96MC 
has 7 I/O 
ports, 
labeled 
0-6. 
Individual 
port pins are multiplexed 
to serve for 
standard 
I/O or to carry special signals. All ports are 8- 
bit except port 
1 which is a 5-bit port. 


Ports 0, I, 2 and 6 are contr 
lied by SFRs that can be 


directly 
addressed 
by the RALU 
through 
a window in 
the register file. Ports 0 and I serve as input to the 13- 
channel 
A/D, 
and can also be read as digital 
inputs. 


Port 2 can be configured 
either as standard 
I/O 
ports 
or to serve special functions. 
Port 6 is the output 
port 
for the PWM and WG units. 


Ports 
3, 4 and 5 are memory 
mapped 
and cannot 
be 
windowed. 
These ports are accessed only via 16-bit ad- 
dresses. Ports 
3 and 4 also serve as the 16-bit external 
address/data 
bus. The Port 
5 lines can be selected for 
standard 
I/O 
or to serve as system bus control 
pins. 


Timers 
and the Event 
Processor 
Array 
(EP A)-The 
Event Processor 
Array (EPA) performs 
input and out- 
put functions 
associated 
With hmers 
1 and 2. In the 
input mode the EP A monitors 
an input pin for signal 
transitions 
and records the timer value when the event 
occurs. 
The "captured" 
event is thus 
tagged 
with its 


time. In the output mode the EP A waits until the timer 
matches 
a stored 
time value and then 
sets, clears 
or 
toggles an output 
pin. This is a "compare" 
event. Both 
capture 
and compare 
events 
initiate 
mterrupts 
which 
can be handled by a normal service routine or the PTS. 
The 8XCl96MC 
has 4 capture/compare 
modules and 4 
compare-only 
modules 


The two 
16-bit timers 
can be clocked 
by the internal 


clock 
generator 
or by external 
sources. 
An external 


"quadrature 
clocking" 
mode is available for monitoring 
speed and directIOn from a position encoder. 


Pulse Width Modulation 
Unit-The 
8XCl96MC 
has a 
PWM 
module 
that 
provides 
two PWM 
outputs. 
This 
module 
IS in additIOn to the waveform 
generator. 
The 


ble through a respective 8-bit register. The module has 
an 8-bit counter, two 8-bit PWM compare registers and 
an 8-bit period register. The PWM output pins are con- 
trolled with bits in the output control register of the 
waveform generator. 


AID Converter-The 
13-channel AID converter can 
perform IO-bit conversions or faster 8-bit conversions. 
Automated AID conversions and result storage are fa- 
cilitated by the AID scan mode of the PTS. The sam- 
ple-and-hold times and the conversion times are pro- 
grammable. The AID can also act as a programmable 
comparator 
and issue an interrupt 
when the input 
crosses a threshold. Conversions can be performed on 
the analog ground and reference voltage, and the re- 
sults can be used to calculate gain and zero offset er- 
rors. The zero offset compensation circuit is also pro- 
grammable, enabling automatic offset adjustment. 


Interrupt Controller and Peripheral Transaction Serv- 
er (PTS)-The 
8XCI96MC's 
flexible interrupt 
han- 
dling system has two main components: the program- 
mable interrupt controller and the Peripheral Transac- 


. 
. 


ware priority scheme that can be modified by user soft- 
ware. These interrupts are serviced by user-written in- 
terrupt service routines. The user can select most inter- 
rupts to be serviced by the PTS instead of the program- 
mable interrupt controller. The PTS has several micro- 
coded hardware interrupt service routines whose execu- 
tion is interleaved with normal instruction execution. 
The result is high-speed, low-overhead interrupt han- 
dling. The PTS can perform single and burst transfers 
of bytes or 16-bit words between any memory locations, 
manage multiple analog-to-digital (AID) conversions 
and control a software serial channel which allows ei- 
ther synchronous or asynchronous operations. 


Waveform 
Generator-The 
Waveform 
Generator 


(WG) produces 3 pairs of complimentary PWM sig- 
nals. This peripheral is optimized for controlling 
3- 


phase induction AC motors. It can also control brush- 
less DC motors and DC to AC inverters. A dead-time 
generator and phase inverter circuit provide non-over- 
lapping on-timers for each PWM output pair. Each sig- 
nal is independently programmable. 


MCS®-96 AID Converter 
Quick Reference 


• 


Analog inputs to the MCS-96 family are handled by the 
AID converter 
system. As shown in Figure 
I, the con- 


verter 
system 
has an 8 channel 
multiplexer, 
a sample 
and hold, and a IO-blt successive approximation 
AID 


converter. 
Conversions 
can be performed 
on one of 8 


channels, 
the inputs of which share pins with port O. 


There 
are various 
versions 
of the AID 
converter, 
de- 
pending 
on the specific device type. The 8X9X family 


offers a IO-bit fixed conversion 
time. The 8XCI96KB 
family offers a IO-bit conversion 
with either 
a fast or 


slow conversion 
time. The 8XC196KC 
family offers an 


8- or IO-bit conversion 
with programmable 
sample and 


convert 
times. The 8XC196KR 
has all of the KC fea- 


tures, with the addition of offset correction 
and internal 
conversion 
of Vref and ANGND. 
The 8XC196MC 
in- 


cludes all of the KR features, 
and the multiplexer 
has 
been expanded 
to 13 analog input channels. 


This chapter 
describes 
the basic operation 
and termi- 
nology 
of the 
AID 
converter. 
The 
different 
devices 


control the AID in different ways, but the principals 
of 


operation 
remain 
the same throughout. 


The conversion 
process is initiated 
by an HSO or EPA 
command, 
or by writing 
a one to the GO Bit in the 


AID 
Control 
Register. 
Either 
activity 
causes 
a start 


conversion 
signal to be sent to the AID converter 
con- 
trollogic. 


Once the AID unit receives a start 
conversion 
signal, 


there is a one state time delay before sampling 
(Sample 
Delay) 
while the successive 
approximation 
register 
is 
reset and 
the proper 
multiplexer 
channel 
is selected. 
After the sample delay, the multiplexer 
output 
is con- 


nected 
to the sample capacitor 
and remains 
connected 
for the sample time. After the "sample window" 
closes, 


the input to the sample capacitor 
is disconnected 
from 


the multiplexer 
so that 
changes 
on the input 
pin will 


not alter the stored 
charge 
while the conversion 
is in 


progress. 
The comparator 
is then auto-zeroed 
and the 


conversion 
begins. The sample delay and sample time 
uncertainties 
are each approximately 
± 50 ns, indepen- 


dent of clock speed. 


To perform 
the actual analog-to-digital 
conversion 
the 
MCS-96 
implements 
a successive 
approximation 
algo- 


rithm. 
The converter 
hardware 
consists 
of a 256-resis- 


tor 
ladder, 
a comparator, 
coupling 
capacitors 
and 
a 
IO-bit successive 
approximation 
register 
(SAR) 
with 


logic that 
guides the process. The resistor 
ladder 
pro- 


vides 20 mV steps (VREF = 5.12V), while capacitive 
coupling 
creates 
5 mV steps within the 20 mV ladder 


voltages. Therefore, 
1024 internal reference voltages are 


available 
for comparison 
against 
the analog 
input 
to 


generate 
a 10-bit conversion 
result. 


A successive approximation 
conversion 
is performed 
by 


comparing 
a sequence of reference voltages, to the ana- 


log input, 
in a binary 
search for the reference 
voltage 


that most closely matches 
the input. The '/2 full scale 


reference voltage is the first tested. This corresponds 
to 


a IO-bit result 
where the most significant 
bit is zero, 


and all other bits are ones (0111.1111.11 b). If the ana- 
log input 
was less than 
the test voltage, 
bit 10 of the 


SAR is left a zero, and a new test voltage of '/. full scale 
(00 11.1111.11 b) is tried. 
If this test voltage was lower 


than the analog input, bit 9 of the SAR is set and bit 8 
is cleared for the next test (0101.1111.11 b). This binary 
search continues 
until 10 tests have occurred, 
at which 


time the valid 
IO-bit conversion 
result 
resides 
in the 


SAR where it can be read by software. 


The external 
interface 
circuitry 
to an analog 
input 
is 


highly dependent 
upon the application, 
and can impact 


converter 
characteristics. 
In the external 
circuit's 
de- 


sign, important 
factors such as input pin leakage, sam- 


ple capacitor 
size and multiplexer 
series resistance 
from 


the input pin to the sample capacitor 
must be consid- 


ered. 


These factors 
are idealized 
in Figure 
1. The external 


input circuit must be able to charge a sample capacitor 
(Cs) 
through 
a series resistance 
(RI) 
to an accurate 


voltage given a DC leakage (Id. 
Typically Cs is around 


2 pF, RI is around 
5 KO and IL is specified as 3 !LA. In 


determining 
the necessary 
source 
impedance 
RS' the 


value of VBIAS is not important. 


External 
circuits 
with source impedances 
of 1 KO or 


less will be able to maintain 
an input 
voltage within a 


tolerance 
of about 
±0.61 
LSB (1.0 KO 
X 3.0 !LA = 


3.0 mY) 
given 
the 
DC 
leakage. 
Source 
impedances 


above 2 KO can result in an external 
error of at least 


one LSB due to the voltage drop caused by the 3 !LA 
leakage. In addition, 
source impedances 
above 25 KO 


may degrade converter 
accuracy 
as a result of the inter- 
nal sample capacitor 
not being fully charged during the 


sample window. 


If large source 
impedances 
degrade 
converter 
accuracy 
because 
the sample 
capacitor 
is not charged 
during 
the 
sample 
time, an external 
capacitor 
connected 
to the pin 
compensates 
for 
this. 
Since 
the 
sample 
capacitor 
is 
2 pF, a 0.005 
).LF capacitor 
(2048 
• 2 pF) will charge 
the 
sample 
capacitor 
to an accurate 
input 
voltage 
of 
±0.5 
LSB. An external 
capacitor 
does not compensate 
for the voltage 
drop 
across 
the source 
resistance, 
but 
charges 
the sample 
capacitor 
fully during 
the sample 
time. 


Placing 
an external 
capacitor 
on each analog 
input 
will 
also 
reduce 
the 
sensitivity 
to noise, 
as the 
capacitor 
combines 
with series resistance 
in the external 
circuit 
to 
form a low-pass 
filter. In practice, 
one should 
include 
a 
small series resistance 
prior to the external 
capacitor 
on 
the analog 
input 
pin and choose 
the largest 
capacitor 
value practical, 
given the frequency 
of the signal being 
converted. 
This provides 
a low-pass 
filter on the input, 
while 
the resistor 
will also limit 
input 
current 
during 
over-voltage 
conditions. 


Figure 
2 shows a simple 
analog 
interface 
circuit 
based 
upon the discussion 
above. The circuit 
in the figure also 
provides 
limited 
protection 
against 
over-voltage 
condi- 
tions on the analog 
input. 
Should 
the input 
voltage 
in- 
appropriately 
drop 
significantly 
below 
ground, 
diode 
D2 will forward 
bias at about 0.8 DCV. Since the speci- 
fication 
of the pin on most devices has an absolute 
max- 
imum 
low voltage 
of" - 0.3V, this will leave about 0.5V 
across 
the 
270n 
resistor, 
or about 
2 mA 
of current. 


This 
should 
limit 
the current 
to a safe amount. 
Note 
that if any input 
pins are driven 
much beyond 
VREF or 
below ANGND, 
the accuracy 
of all analog 
input chan- 
nels may be adversely 
affected. 
This is because 
the in- 


put protection 
circuit 
will start 
to conduct, 
thus inject- 
ing current 
into the internal 
reference 
circuitry 
and up- 


setting 
the reference 
voltage. 
Refer to the data sheet for 
exact device specifications. 


However, 
before any circuit is used in an actual applica- 
tion, it should be thoroughly 
analyzed for applicability 
to 
the specific problem 
at hand. 


Reference 
supply levels and noise strongly 
influence 
the 
absolute 
accuracy 
of the conversion. 
For this reason, 
it 
is recommended 
that 
the ANGND 
pin be tied to the 
Vss pins close to the device. 
Bypass 
capacitors 
should 
also be used between 
VREF and 
ANGND. 
ANGND 
should 
be within 
about 
a tenth 
of a volt of Vss· VREF 
should 
be well regulated 
and 
used 
only 
for the AID 
converter. 
The VREF supply 
needs to be able to source 
around 
5 mA. 


Note 
that 
if only 
ratiometric 
information 
is desired, 


VREF can be connected 
to Vcc. In addition, 
VREF and 
ANGND 
must be connected 
even if the AID converter 
is not being 
used. 
Remember 
that 
Port 
0 receives 
its 
power from the VREF and ANGND 
pins even when it 
is used as digital 1/0. 


The conversion 
result is a 8- or lO-bit ratiometric 
repre- 
sentation 
of the input 
voltage, 
so the numerical 
value 
obtained 
from the conversion 
will be: 


INT [255 x (VIN - 
ANGND)/(VREF 
- 
ANGND)] 
or 


INT [1023 x (VIN - 
ANGND)/(VREF 
- 
ANGND)] 


This 
produces 
a stair-stepped 
transfer 
function 
when 
the output 
code is plotted 
versus input voltage 
(see Fig- 
ure 3). The resulting 
digital 
codes can be taken 
as sim- 
ple ratiometric 
information, 
or they 
provide 
informa- 
tion about 
absolute 
voltages 
or relative 
voltage 
changes 
on the inputs. 
The more 
demanding 
the application 
is 
on the AID converter, 
the more important 
it is to fully 
understand 
the converter's 
operation. 
For simple appli- 
cations, 
knowing 
the absolute 
error 
of the converter 
is 
sufficient. 
However, 
closing 
a servo-loop 
with 
analog 
inputs 
necessitates 
a detailed 
understanding 
of an AID 
converter's 
operation 
and errors. 


The errors 
inherent 
in an analog-to-digital 
conversion 
process 
are 
many: 
quantizing 
error, 
zero 
offset, 
full- 
scale error, 
differential 
non-linearity 
and non-linearity. 


These are "transfer 
function" 
errors 
related 
to the AID 
converter. 
In 
addition, 
converter 
temperature 
drift, 


Vcc 
rejection, 
sample-hold 
feedthrough, 
multiplexer 
off-isolation, 
channel-to-channel 
matching 
and random 
noise should 
be considered. 
Fortunately, 
one "Absolute 
Error" 
specification 
is available 
which 
describes 
the 
sum 
total 
of all deviations 
between 
the actual 
conver- 
sion process 
and an ideal converter. 
However, 
the vari- 
ous 
sub-components 
of error 
are 
important 
in many 
applications. 
These 
error 
components 
are described 
in 
the 
text 
below 
where 
ideal 
and 
actual 
converters 
are 
compared. 
• 
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An unavoidable 
error 
simply results from the conver- 


sion of a contmuous 
voltage to an mteger digital repre- 
sentation. 
This error 
is called quantizing 
error, 
and is 
always 
± 0.5 LSB. Quantizing 
error 
is the only error 


seen in a perfect AID converter, 
and is obviously pres- 


ent in actual 
converters. 
Figure 
3 shows the transfer 
function for an ideal 3-bit AID converter 
(i.e., the Ideal 


Characteristic) 


Note that in Figure 3 the Ideal Characteristic 
possesses 
unique 
quahties: 
its first code transition 
occurs 
when 


the input 
voltage 
is 0.5 LSB; its full-scale 
code tran- 


sition 
occurs 
when the input 
voltage 
equals 
the full- 
scale reference 
minus 
1.5 LSB; and its code widths are 
all exactly one LSB. These qualities result in a digitiza- 
tion without 
offset, full-scale or linearity 
errors. In oth- 


er words, a perfect conversion. 


Figure 4 shows an Actual Characteristic 
of a hypotheti- 


cal 3-bit converter, 
which ISnot perfect. When the Ideal 


Characteristic 
IS overlaid with the imperfect 
character- 


istic, the actual converter 
is seen to exhibit errors In the 
location 
of the first and final code transitions 
and code 
Widths 
The deviatIOn of the first code transition 
from 
ideal is called 
"zero 
offset", 
and the deviation 
of the 
final code transition 
from 
ideal is "full-scale 
error". 


The deviation 
of the code widths from Ideal causes two 
types of errors. 
Differential 
Non-Linearity 
and Non- 
Linearity 
Differenllal 
Non-Linearity 
is a local linearity 
error measurement, 
whereas Non-LInearity 
is an over- 
all linearity 
error measure. 


Differential 
Non-Linearity 
is the degree to which actual 


code Widths differ from 
the ideal one LSB width. 
It 
gives the user a measure of how much the Input voltage 
may have changed 
in order 
to produce 
a one count 
change 
in the conversion 
result. 
Non-Linearity 
is the 
worst case deviation 
of code transitions 
from the corre- 


sponding 
code transitions 
of the Ideal Characteristic. 
Non-Linearity 
describes 
how much 
Differential 
Non- 
LInearities 
could 
add up to produce 
an overall 
maxi- 
mum departure 
from a linear characteristic. 
If the Dif- 
ferential 
Non-Linearity 
errors are too large, It is possi- 


ble for an AID converter 
to miss codes or exhibit non- 
monotoniclty. 
Neither 
behaVIOr ISdesirable in a dosed- 
loop system. A converter 
has no missed codes if there 
exists for each output code a unique input voltage range 
that produces 
that code only. A converter 
ISmonotonic 
if every 
subsequent 
code change 
represents 
an input 
voltage change in the same direction. 


Differential 
Non-Linearity 
and 
Non-Linearity 
are 
quantified 
by measunng 
the TermInal 
Based Linearity 
Errors. 
A Terminal 
Based Characteristic 
results when 
an Actual Characteristic 
is shifted and rotated 
to elimi- 


nate zero offset and full-scale error (see Figure 5). The 
Terminal 
Based Characteristic 
IS similar 
to the Actual 
Characteristic 
that would be seen if zero offset and full- 


scale error were externally 
trimmed 
away. In practice, 
this is done by using Input Circuits which Include gain 


and offset trimmIng. 
In addition, 
VREF could also be 
closely 
regulated 
and 
trimmed 
within 
the 
specified 
range to affect full-scale error. 


Other 
factors that affect a real AID Converter 
system 


include sensitivity to temperature, 
failure to completely 
reject all unwanted 
signals, multiplexer 
channel dissim- 


ilarities and random 
noise. Fortunately 
these effects are 
small. 


Temperature 
sensitivities 
are described 
by the rate at 
which 
typical 
specifications 
change 
with a change 
in 
temperature. 


Undesired 
signals come from three main sources. First, 


noise 
on Vcc- Vcc Rejection. 
Second, 
input 
signal 
changes on the channel 
being converted 
after the sam- 
ple window has closed-Feedthrough. 
Third, signals ap- 


plied to channels 
not selected by the multiplexer-Off- 
Isolation. 


Finally, multiplexer 
on-channel 
resistances differ slight- 
ly from one channel 
to the next causing 
Channel-to- 


Channel 
Matching 
errors, and random 
noise in general 
results in Repeatability 
errors. 


Figures 3, 4 and 5 display many of these terms. Refer to 
AP-406 'MCS-96 Analog Acquisition 
Primer' 
for addi- 


tional information 
on the AID terms. 


ABSOLUTE 
ERROR-The 
maximum 
difference 
be- 


tween corresponding 
actual and ideal code transitions. 
Absolute 
Error 
accounts 
for all deviations 
of an actual 
converter 
from an ideal converter. 


ACTUAL 
CHARACTERISTIC- 
The characteristic 
of 
an actual converter. 
The characteristic 
of a given con- 
verter may vary over temperature, 
supply voltage, and 


frequency 
conditions. 
An Actual 
Characteristic 
rarely 


has ideal first and last transition 
locations or ideal code 


widths. It may even vary over multiple 
conversion 
un- 


der the same conditions. 


BREAK·BEFORE·MAKE- 
The property 
of a multi- 
plexer 
which 
guarantees 
that 
a 
previously 
selected 


channel 
will be deselected 
before a new channel 
is se- 
lected. (e.g.. the converter 
will not short inputs togeth- 
er.) 


CHANNEL-TO-CHANNEL 
MATCHING-The 
dif- 


ference between corresponding 
code transitions 
of actu- 
al characteristics 
taken from different 
channels 
under 
the same 
temperature, 
voltage 
and 
frequency 
condi- 
tions. 


CHARACTERISTIC-A 
graph of input voltage versus 
the resultant 
output 
code for an AID converter. 
It de- 


scribes the transfer 
function 
of the AID converter. 
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CODE 
TRANSITION-The 
point 
at which 
the 
con- 
verter 
changes 
from an output 
code of Q, to a code of 
Q + 1. The input 
voltage 
corresponding 
to a code tran- 
sition is defined 
to be that voltage which is equally 
like- 
ly to produce 
either 
of two adjacent 
codes. 


CODE 
WIDTH-The 
voltage corresponding 
to the dif- 
ference 
between 
two adjacent 
code transitions. 


DC 
INPUT 
LEAKAGE-Leakage 
current 
to ground 
from an analog 
input 
pin. 


DIFFERENTIAL 
NON·LINEARITY 
- The difference 
between 
the ideal and actual 
code widths 
of the termi- 


nal based characteristic 
of a converter. 


FEEDTHROUGH-Attenuation 
of a voltage 
applied 
on the selected 
channel 
of the AID 
converter 
after the 
sample 
window 
closes. 


FULL 
SCALE 
ERROR-The 
difference 
between 
the 
expected 
and actual 
input 
voltage 
corresponding 
to the 
full scale code transition. 


IDEAL 
CHARACTERISTIC-A 
characteristic 
with 
its first code transition 
at VIN = 0.5 LSB, its last code 
transition 
at V1N = (VREF 
- 
1.5 LSB) and all code 
widths 
eq'~al to one LSB. 


INPUT 
RESISTANCE- 
The effective series resistance 
from the analog 
input 
pin to the sample 
capacitor. 


LSB (LEAST 
SIGNIFICANT 
BIT)- 
The voltage value 
corresponding 
to the full scale voltage 
divided 
by 2n, 
where 
n is the number 
of bits of resolution 
of the con- 
verter. 
For a IO-bit converter 
with a reference 
voltage 
of 5.12 volts, 
one 
LSB 
is 5.0 mV. Note 
that 
this 
is 
different 
than digital 
LSBs, since an uncertainty 
of two 
LSBs, 
when 
referring 
to 
an AID 
converter, 
equals 
10 mY. (This has been confused 
with an uncertainty 
of 
two 
digital 
bits, 
which 
would 
mean 
four 
counts, 
or 


20 mV.) 


MONOTONIC- 
The 
property 
of successive 
approxi- 
mation 
converters 
which 
guarantees 
that increasing 
in- 


put voltages 
produce 
adjacent 
codes of increasing 
value, 
and 
that 
decreasing 
input 
voltages 
produce 
adjacent 
codes of decreasing 
value. 


NO 
MISSED 
CODES-For 
each 
and 
every 
output 
code, 
there 
exists 
a unique 
input 
voltage 
range 
which 
produces 
that code only. 


OFF·ISOLATION-Attenuation 
of a voltage 
applied 
on a deselected 
channel 
of the AID 
converter. 
(Also 
referred 
to as Crosstalk.) 


REPEATABILITY 
- The 
difference 
between 
corre- 
sponding 
code transitions 
from different 
actual 
charac- 
teristics 
taken 
from 
the 
same 
converter 
on the 
same 
channel 
at the same temperature, 
voltage and frequency 
conditions. 


RESOLUTION- 
The 
number 
of input 
voltage 
levels 
that 
the converter 
can 
unambiguously 
distinguish 
be- 
tween. 
Also defines 
the number 
of useful bits of infor- 
mation 
which 
the converter 
can return. 


SAMPLE 
DELAY - The delay from receiving 
the start 
conversion 
signal to when the sample 
window 
opens. 


SAMPLE 
DELAY 
UNCERTAINTY-The 
variation 
in the Sample 
Delay. 


SAMPLE 
TIME- 
The time that the sample 
window 
is 
open. 


SAMPLE 
TIME 
UNCERTAINTY-The 
variation 
in 
the sample 
time. 


SAMPLE 
WINDOW-Begins 
when the sample 
capaci- 
tor is attached 
to a selected 
channel 
and ends when the 
sample 
capacitor 
is 
disconnected 
from 
the 
selected 
channel. 


SUCCESSIVE 
APPROXIMATION-An 
AID 
con- 
version 
method 
which 
uses a binary 
search 
to arrive 
at 
the best digital 
representation 
of an analog 
input. 


TEMPERATURE 
COEFFICIENTS-Change 
in the 
stated 
variable 
per 
degree 
centigrade 
temperature 
change. 
Temperature 
coefficients 
are added 
to the typi- 
cal values of a specification 
to see the effects of temper- 
ature 
drift. 


TERMINAL 
BASED 
CHARACTERISTIC-An 
Ac- 
tual Characteristic 
which has been rotated 
and translat- 
ed to remove 
zero offset and full-scale 
error. 


Vcc 
REJECTION-Ratio 
of the 
change 
in the AID 
characteristic 
to the change 
in Vcc. 


ZERO 
OFFSET-The 
difference 
between 
the expected 
and actual 
input voltage corresponding 
to the first code 
transition. 
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• 


• 
879XBH: an 809XBH with 8 Kbytes of On-Chip EPROM 


• 
839XBH: an 809XBH with 8 Kbytes of On-Chip ROM 
• 232 Byte Register 
File 
• High Speed 
I/O Subsystem 
• Register-to-Register 
Architecture 
• Full Duplex Serial Port 
• 10-Bit AID 
Converter 
with S/H 
• Dedicated 
Baud Rate Generator 


• Five 8-Bit I/O 
Ports 
• 6.25 /-Ls16 x 16 MUltiply 
• 20 Interrupt 
Sources 
• 6.25 /-Ls32/16 
Divide 
• Pulse-Width 
Modulated 
Output 
• 16-Bit Watchdog 
Timer 
• ROM/EPROM 
Lock 
• Four 16-Bit Software 
Timers 
• Run-Time 
Programmable 
EPROM 
• Two 16-Bit Counter/Timers 
• Extended 
Temperature 
Available 
• Extended 
Burn-In Available 


The MCS@-96 family of 16-bit microcontrollers 
consists 
of many members, 
all of which are designed 
for high- 


speed control 
functions. 
The MCS-96 family members 
produced 
using Intel's 
HMOS-III 
process 
are described 


in this data sheet. 


The CPU supports 
bit, by1e, and word operations. 
Thirty-two 
bit double-words 
are supported 
for a subset of the 


instruction 
set. With a 12 MHz input frequency 
the 8096BH 
can do a 16-bit addition 
in 1.0 J.tsand a 16 x 16-bit 


multiply 
or 32/16 
divide in 6.25 J.ts. Instruction 
execution 
times average 
1 to 2 J.ts in typical 
applications. 


Four high-speed 
trigger inputs are provided 
to record the times at which external 
events occur. Six high-speed 
pulse generator 
outputs are provided 
to trigger external 
events at preset times. The high-speed 
output unit can 


simultaneously 
perform 
software 
timer functions. 
Up to four 16-bit software 
timers can be in operation 
at once. 


The 
on-chip 
AID 
converter 
includes 
a Sample 
and 
Hold, 
and 
converts 
up to 8 multiplexed 
analog 
input 
channels 
to 10-bit digital values. 
With a 12 MHz crystal, 
each conversion 
takes 
22 J.ts. This feature 
is only 
available 
on the 8X95BHs 
and 8X97BHs, 
with the 8X95BHs 
having 4 multiplexed 
analog 
inputs . 


I 
I 
I 


: PO"]T:00" 


DATA 
BUS 


: 
PORT 
.- 
I 
I 
I 
I 
I 
I 
I 
I 
• 


Also provided 
on-chip 
are a serial port, a Watchdog 
Timer and a pulse-width 
modulated 
output 
signal. 


With the extended 
burn-in 
option, 
the burn-in 
is dy- 


namic for a minimum time of 160 hours at 125·C with 
Vcc = 5.5V ±0.5V, 
following 
the guidelines 
in MIL- 
sTO-883, 
Method 
1015. 
With the commercial 
(standard) 
temperature 
option, 
operational 
characteristics 
are guaranteed 
over the 
temperature 
range 
of O·C to + lO·C. With 
the ex- 
tended 
temperature 
range option, 
operational 
char- 
acteristics 
are 
guaranteed 
over 
the 
temperature 
range of - 40·C to + 85·C. Unless otherwise 
noted, 
the specifications 
are the same for both options. 


See the Packaging 
Information 
for extended 
temper- 


ature and extended 
burn-in designators. 


OFFH 
255l 
POWER-OOWN 


RAM 


OFOH 
240 


OEFH 
INTERNAL 
239 


REGISTER 
FILE 


(RAM) 


FFFFH 


lAH 
26 
EXTERNAL 
MEMORY 


OR 
I/O 


19H 
25 


STACK 
POINTER 
STACK 
POINTER 
4000H 
18H 
24 


17H 
PWM_CONTROL 
23 
INTERNAL 
PROGRAM 


16H 
10S1 
lOCI 
22 


STORAGE 
ROM/EPROM 
OR 


15H 
10SO 
lOCO 
21 
EXTERNAL 
MEMORY 


2080H 


UH 
20 
RESERVEO 
2072H 
- 
207FH 
13H 
RESERVED 
RESERVED 
19 
SIGNATURE 
WORO 
2070H 
- 
2071 
H 
12H 
18 
RESERVEO 
2030H 
- 
206FH 
l1H 
SP_STAT 
SP_CON 
17 
SECURITY 
KEY 
2020H 
- 
202FH 


10H 
10 PORT 
2 
10 PORT 
2 
16 
RESERVED 
201CH-201FH 
DFH 
10 PORT 
1 
10 PORT 
1 
15 
SELF 
JUMP 
OPCODE 
(27H 
FEH) 
201AH-201BH 
OEH 
10 PORT 
0 
BAUD_RATE 
14 
RESERVED 
2019H 
ODH 
TIMER2 
(HI) 
13 
CHIP 
CONFIGURATION 
BYTE 
2018H 


OCH 
TIMER2 
(LO) 
RESERVED 
12 
RESERVED 
2012H 
- 
2017H 


OBH 
TIMERI 
(HI) 
11 


OAH 
TIMER 1 (LO) 
WATCHDOG 
10 


INTERRUPT 
VECTORS 


09H 
INLPENDING 
INLPENDING 


D8H 
INT_MASK 
INT_MASK 
8 
2000H 


07H 
SBUF 
(RX) 
SBUF 
(TX) 
7 
PORT. 
1 FFFH 


06H 
HSI_STATUS 
HSO_COMMAND 
PORT 
3 
1 FFEH 


05H 
HSUIME 
(Hi) 
HSO_ TIME 
(HI) 
5 
EXTERNAL 
MEMORY 


04H 
HSI_TIME 
(LO) 
HSO_ TIME 
(LO) 
4 
L 


OR 
I/O 


0100H 


03H 
AD_RESULT 
(HI) 
HSLMODE 
3 
INTERNAL 
RAM 
OOFFH 


02H 
AD_RESULT 
(LO) 
AD_COMMAND 
REGISTER 
FILE 


STACK 
POINTER 


01H 
RO (HI) 
RO (HI) 
SPECIAL 
FUNCTION 
REGISTERS 


OOH 
RO (LO) 
RO (LO) 
(WHEN 
ACCESSED 
AS 
DATA 
MEMORY) 


OODOH 


(WHEN 
READ) 
(WHEN 
WRITTEN) 
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Figure 2. 8X9XBH 
Memory 
Map 


The 8096BH 
is available 
in 48-pin, 64-pin and 68-pin packages, 
with and without AID, 
and with and without 
on- 


chip ROM or EPROM. The 8096BH 
numbering 
system is shown in Figure 3. Figures 5-10 
show the pinouts for 


the 48-, 64- and 68-pin 
packages. 
The 48-pin 
version 
is offered 
in a Dual-In-Line 
package 
while the 68-pin 


versions 
come in a Plastic Leaded 
Chip Carrier (PLCC), a Pin Grid Array (PGA) or a Type "B" 
Leadless 
Chip 


Carrier. 


Factory 
Masked 
CPU 
User Programmable 


ROM 
EPROM 
OTP 


68-Pin 
64-Pin 
48-Pin 
68-Pin 
64-Pin 
48-Pin 
68-Pin 
64-Pin 
48-Pin 
68-Pin 
64-Pin 
48-Pin 


ANALOG 
8397BH 
8397BH 
8395BH 
8097BH 
8097BH 
8095BH 
8797BH 
8795BH 
8797BH 
8797BH 


NO ANALOG 
8396BH 
8096BH 


Package 
Designators: 


N = PLCC 
C = Ceramic 
DIP 
A = Ceramic 
Pin Grid Array 
P = Plastic 
DIP 
R = Ceramic 
LCC 
U = Shrink 
DIP 


Prefix 
Designators: 
T = Extended 
Temperature 
L = Extended 
Temperature 
with 
160 Hours 
Burn-in 


Package 
Type 
°ja 
°jC 


68L PGA 
35°C/W 
10°C/W 


68L PLCC 
3rC/W 
13°C/W 


68L LCC 
28°C/W 
14°C/W 


64L Shrink DIP 
56°C/W 
- 


48L Plastic DIP 
38°C/W 
19°C/W 


48L Ceramic 
DIP 
26°C/W 
6SC/W 


All thermal 
impedance 
data is approximate 
for static 
air conditions 
at 1W of power 
dissipation. 
Values 
will 


change 
depending 
on operating 
conditions 
and application. 
See the Intel Packaging 
Handbook 
(Order Number 
• 
240800) 
for a description 
of Intel's 
thermal 
impedance 
test methodology. 


EA 


ACH3/PO.3 


ACH l/PO.l 
ACHO/PO.O 


ACH2/PO.2 
ACH6/PO.6/PMODE.2 
ACH7 /PO. 7/PMODE.3 


ACHS/PO.S/PMODE. 
1 
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ANGND 
VREF 
VpD 


EXTINT/P2.2/PROG 
RESET 
RxD/P2. 
l/PALE 


TxD/P2.0/PVER/SALE 
PLO 
Pl.l 
Pl.2 
P1.3 
P1.4 


HSI.O/SID.O 
HSI. 1/SIO. 1 
HSO.4 /HSI. 2/SI D.2 


HSO.S/HSI.3/SID.3 


HSO.O/PACT 
HSO.l 


Pl.S 
P1.6 


Pl.7 
P2.6 
HSO.2 


Vcc 
VSS 
XTALl 
XTAL2 


ALE/ADV 


RD 
ADO/P3.0 
AD1/P3.1 


AD2/P3.2 


AD3/P3.3 
AD4/P3.4 


ADS/P3.S 
AD6/P3.6 
AD7/P3.7 


AD8/P4.0 
AD9/P4.1 
AD10/P4.2 


AD11/P4.3 
AD12/P4.4 
AD 13/P4.S 
AD14/P4.6 
AD lS/P4.7 


T2CLK/P2.3 
READY 
T2RST/P2.4 


BHE/WRH 
WR/WRL 
PWM/P2.S/PDO/SPROG 
P2.7 
Vpp 
VSS 
HSO.3 


t'ms 
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Down 


17 
15 
13 
11 
9 
7 
5 
3 " 
18 
19 
16 
14 
12 
10 
8 
6 
4 
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20 
21 
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66 


22 
23 
68-PIN 
65 
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GRID ARRAY 
24 
25 
63 
62 


26 
27 
TOP VIEW 
61 
60 


28 
29 
LOOKING DOWN ON 
59 
58 


30 
31 
COMPONENT SIDE 
57 
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OF PC BOARD 
32 
33 
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54 
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40 
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44 
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50 
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52 
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41 
43 
45 
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Figure 
6. 68-Pln 
PGA Package 


PGA 
Description 
PGA 
Description 
PGA 
Description 


1 
ACH7 /PO.7 /PMODE.3 
24 
AD6/P3.6 
47 
P1.6 


2 
ACH6/PO.6/PMODE.2 
25 
AD7/P3.7 
48 
P1.5 


3 
ACH2/PO.2 
26 
AD8/P4.0 
49 
HSO.1 


4 
ACHO/PO.O 
27 
AD9/P4.1 
50 
HSO.O/PACT 


5 
ACH1/PO.1 
28 
AD10/P4.2 
51 
HSO.5/HSI.3/SID.3 


6 
ACH3/PO.3 
29 
AD11/P4.3 
52 
HSO.4/HSI.2/SID.2 


7 
NMI 
30 
AD12/P4.4 
53 
HSI.1/SID.1 


8 
EA 
31 
AD13/P4.5 
54 
HSI.O/SID.O 


9 
Vcc 
32 
AD14/P4.6 
55 
P1.4 


10 
Vss 
33 
AD15/P4.7 
56 
P13 


11 
XTAL1 
34 
T2CLK/P2.3 
57 
P1.2 


12 
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35 
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13 
CLKOUT 
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P1.0 
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17 
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VPD 
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22 
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23 
AD5/P3.5 
46 
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• 
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COMPONENT 
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OF PC BOARD 
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ADt/P3.1 


AD2/P3.2 


AD3/P3.3 


AD4/P3.4 


AD5/P3.5 


AD6/P3.6 


AD7/P3.7 


ADS/P4.0 


AD9/P4.1 


AD10/P4.2 
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AD12/P4.4 


AD13/P4.5 
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RESET 
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EXTINT/P2.2/PROG 
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45 
VREF 
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44 
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PWM/P2.5/PDO/SPROG 
13 
XTAL 1 
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14 
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WRH/BHE 
15 
34 
ALE/ADV 
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16 
33 
RD 
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17 
32 
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18 
31 
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19 
30 
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20 
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Figure 
10. 48-Pin 
DIP Package 


~-~tmDcf. 
Name and Function 


Vcc 
Main supply voltage 
(5V). 


Vss 
Digital circuit ground (OV). There are two Vss pins, both of which must be connected. 


VPD 
RAM standby supply voltage 
(5V). This voltage 
must be present during normal operation. 


In a Power Down condition 
(Le. VCC drops to zero), if RESET is activated 
before Vcc 


drops below spec and VpD continues 
to be held within spec., the top 16 bytes in the 
Register 
File will retain their contents. 


VREF 
Reference 
voltage for the A/D converter 
(5V). VREF is also the supply voltage 
to the 
analog portion of the AID 
converter 
and the logic used to read Port O. Must be 


connected 
to use AID 
or Port O. 


ANGND 
Reference 
ground for the A/D converter. 
Must be held at nominally 
the same potential 
as Vss. 


Vpp 
Programming 
voltage for the EPROM devices. 
It should be + 12.75V for programming 
and will float to 5V otherwise. 
The pin should not be above Vcc for ROM and CPU 
devices. This pin must be left floating 
in the application 
circuit for EPROM devices. 


XTAL1 
Input of the oscillator 
inverter and of the internal clock generator. 


XTAL2 
Output of the oscillator 
inverter. 


CLKOUT*t 
Output of the internal clock generator. 
The frequency 
of CLKOUT 
is % the oscillator 
frequency. 
It has a 33% duty cycle. 


RESET 
Reset input to the chip. Input low for a minimum 
10 XTAL 1 cycles to reset the chip. The 
subsequent 
low-to-high 
transition 
re-synchronizes 
CLKOUT 
and commences 
a 10-state- 


time RESET sequence. 


BUSWIDTH*t 
Input for bus width selection. 
If CCR bit 1 is a one, this pin selects the bus width for the 
bus cycle in progress. 
If BUSWIDTH 
is a 1, a 16-bit bus cycle occurs. 
If BUSWIDTH 
is a 0 
an 8-bit cycle occurs. 
If CCR bit 1 is a 0, the bus is always an 8-bit bus. If this pin is left 
unconnected, 
it will rise to Vcc. 


NMI*t 
A positive transition 
causes a vector to external 
memory location 
OOOOH. 


INST*t 
Output high during an external 
memory read indicates 
the read is an instruction 
fetch. 


INST is valid throughout 
the bus cycle. 


EA 
Input for memory select (External Access). 
EA equal to a TIL-high 
causes memory 
accesses 
to locations 
2000H through 3FFFH to be directed to on-chip 
ROM/EPROM 
. 
EA equal to a TIL-Iow 
causes accesses 
to these locations 
to be directed 
to off-chip 
memory. 
EA equal to 12.75V causes the device to enter the Programming 
Mode. 


ALE/ADV 
Address 
Latch Enable or Address Valid output, as selected 
by CCR. Both pin options 
provide a latch to demultiplex 
the address from the address/data 
bus. When the pin is 
ADV, it goes high at the end of the bus cycle. ALE/ ADV is activated 
only during external 
memory accesses. 


RD 
Read signal output to external 
memory. 
RD is activated 
only during external 
memory 
reads. 


WR/WRL 
Write and Write Low output to external 
memory, as selected 
by the CCR. WR will go low 
for every external write, while WRL will go low only for external writes where an even byte 
is being written. WR/WRL 
is activated 
only during external 
memory writes. 


BHE/WRH 
Bus High Enable or Write High output to external 
memory, as selected 
by the CCR 
BHE 
will go low for external writes to the high byte of the data bus. WRH will go low for 
external writes where an odd byte is being written. 
BHE/WRH 
is activated 
only during 


external 
memory writes. 
• 


Symbol 
Name and Function 


READY 
Ready input to lengthen 
external 
memory cycles. If the pin is low prior to the falling edge 
of CLKOUT, 
the memory controller 
goes into a wait mode until the next positive transition 
of CLKOUT 
occurs with READY high. When the external 
memory is not being used, 
READY has no effect. 
Internal control of the number of wait states inserted 
into a bus 
cycle held not ready is available 
in the CCR. 


HSI 
Inputs to High Speed Input Unit. Four HSI pins are available: 
HSI.O, HSI.1, HSI.2 and 
HSI.3. Two of them (HSI.2 and HSI.3) are shared with the HSO Unit. 


HSO 
Outputs from High Speed Output Unit. Six HSO pins are available: 
HSO.O, HSO.1 , HSO.2, 


HSO.3, HSO.4 and HSO.5. Two of them (HSO.4 and HSO.5) are shared with the HSI Unit. 


Port O:j: 
B-bit high impedance 
input-only 
port. These pins can be used as digital inputs and/or 
as 
analog inputs to the on-chip AID converter. 


Port 1t 
B-bit quasi-bidirectional 
I/O port. 


Port 2t 
B-bit multi-functional 
port. Six of its pins are shared with other functions 
in the B096BH, the 
remaining 
2 are quasi-bidirectional. 


Ports 3 and 4 
B-bit bidirectional 
I/O ports with open drain outputs. These pins are shared with the 
multiplexed 
address/data 
bus which has strong internal pullups. Ports 3 and 4 are also 
used as a command, 
address and data path by EPROM devices operating 
in the 
Programming 
Mode.' 


PMODE 
Determines 
the EPROM programming 
mode. 


PACT 
A low signal in Auto Programming 
Mode indicates 
that programming 
is in progress. 
A high 
signal indicates 
programming 
is complete. 


PVAL 
A low signal in Auto Programming 
Mode indicates 
that the device programmed 
correctly. 


SALE 
A falling edge in Auto Programming 
Mode indicates 
that Ports 3 and 4 contain valid 
programming 
address/command 
information 
(output from master). 


SPROG 
A falling edge in Auto Programming 
Mode indicates 
that Ports 3 and 4 contain valid 
programming 
data (output from master). 


SID 
Assigns a pin of Ports 3 and 4 to each slave to pass programming 
verification. 


PALE 
A falling edge in Slave Programming 
Mode and Auto Configuration 
Byte Programming 
Mode indicates 
that Ports 3 and 4 contain valid programming 
address/command 
information 
(input to slave). 


PROG 
A falling edge in Slave Programming 
Mode indicates 
that Ports 3 and 4 contain valid 
programming 
data (input to slave). 


PVER 
A high signal in Slave Programming 
Mode and Auto Configuration 
Byte Programming 
Mode indicates 
the byte programmed 
correctly. 


PVAL 
A high signal in Slave Programming 
Mode indicates 
the device programmed 
correctly. 


PD~ 
A low signal in Slave Programming 
Mode indicates 
that the PROG pulse was applied for 
longer than allowed. 


'Not 
available 
on Shrink-DIP 
package 


tNot 
available 
on 48-pin 
device 
tPort 
0.0.1.2.3 
not available 
on 48-pin 
device 


ELECTRICAL 
CHARACTERISTICS 
ABSOLUTE 
MAXIMUM 
RATINGS· 


NOTICE: This data sheet contains preliminary infor- 
mation on new products in production. 
It is valid for 
the devices 
indicated 
in the 
revision 
history. 
The 
specifications 
are subject to change without notice. 


• WARNING: Stressing the device beyond the "Absolute 
Maximum 
Ratings" 
may 
cause 
permanent 
damage. 


These are stress ratings 
only. Operation 
beyond 
the 
"Operating 
Conditions" 
is not recommended 
and ex- 
tended exposure 
beyond 
the 
"Operating 
Conditions" 


may affect device reliability. 


Ambient 
Temperature 
Under Bias -55·C 
to + 125·C 


Storage Temperature 
- 60·C to + 150·C 


Voltage 
from EA or Vpp 
to VSS or ANGND 
-0.3V 
to + 13.0V 


Voltage 
from Any Other 
Pin to 
VSS or ANGND 
-0.3Vto 
+7.0V(1) 


Average 
Output Current from Any Pin 
10 mA 


Power Dissipation(2) 
1.5W 


NOTES: 


1. This includes 
Vpp and EA on ROM and CPU only 
devices. 
2. 
Power 
dissipation 
is 
based 
on 
package 
heat 
transfer 
limitations, 
not device 
power consumption. 


OPERATING 
CONDITIONS 
(All characteristics 
in this data sheet apply to these operating 
conditions 
unless otherwise 
noted.) 


Symbol 
Parameter 
Mln 
Max 
Units 


TA 
Ambient 
Temperature 
Under Bias Commercial 
Temp. 
0 
+70 
·C 


TA 
Ambient Temperature 
Under Bias Extended 
Temp. 
-40 
+85 
·C 


Vee 
Digital Supply Voltage 
4.50 
5.50 
V 


VREF 
Analog Supply Voltage 
4.50 
5.50 
V 


Fose 
Oscillator 
Frequency 
6.0 
12 
MHz 


Vpo 
Power-Down 
Supply Voltage 
4.50 
5.50 
V 


NOTE: 
ANGNO and Vss should be nominally at the same potential. 


Symbol 
Parameter 
Mln 
Max 
Units 
Test Conditions 


Ice 
Vee Supply Current Commercial 
Temp. 
240 
mA 
All Outputs 


Ice 
Vee Supply Current Extended 
Temp. 
270 
mA 
Disconnected. 


'ee1 
Vee Supply Current (TA 2 70·C) 
185 
mA 


Ipo 
VPO Supply Current 
1 
mA 
Normal operation 
and Power-Down. 


'REF 
VREF Supply Current Commercial 
Temp. 
8 
mA 


'REF 
VREF Supply Current Extended 
Temp. 
10 
mA 


VIL 
Input Low Voltage 
-0.3 
+0.8 
V 
• 


Symbol 
Parameter 
Min 
Max 
Units 
Test Conditions 


VIH 
Input High Voltage 
(Except RESET, 
2.0 
Vcc 
+ 0.5 
V 
NMI, XTAL1) 


VIH1 
Input High Voltage, 
RESET Rrsing 
2.4 
VCC + 0.5 
V 


VIH2 
Input High Voltage, 
RESET Falling 
2.1 
VCC + 0.5 
V 
(Hysteresis) 


VIH3 
Input High Voltage, 
NMI, XTAL 1 
2.2 
VCC + 0.5 
V 


Iu 
Input Leakage Current to each pin of 
±10 
I-tA 
Vin = 0 to VCC 
HSI, P3, P4, and to P2.1. 


IU1 
DC Input Leakage Current to each pin 
+3 
I-tA 
Vin = OtoVcc 
of PO 


IIH 
Input High Current to EA 
100 
I-tA 
VIH = 2.4V 


IlL 
Input Low Current to each pin of P1, 
-125 
I-tA 
VIL = 0.45V 
and to P2.6, P2.7 Commercial 
Temp. 


IlL 
Input Low Current to each pin of P1, 
-150 
I-tA 
VIL = 0.45V 
and to P2.6, P2.7 Extended 
Temp. 


IIL1 
Input Low Current to RESET 
-0.25 
-2 
mA 
VIL = 0.45V 


IIL2 
Input Low Current P2.2, P2.3, P2.4, 
-50 
I-tA 
VIL = 0.45V 
READY, BUSWIDTH 


VOL 
Output 
Low Voltage on Quasi- 
0.45 
V 
IOL = 0.8 mA 
Bidirectional 
port pins and P3, P4 when 
(Note 1) 


used as ports 


VOL1 
Output 
Low Voltage on Quasi- 
0.75 
V 
IOL = 2.0 mA 
Bidirectional 
port pins and P3, P4 when 
(Notes 1, 2, 3) 


used as ports 


VOL2 
Output Low Voltage 
on Standard 
0.45 
V 
IOL = 2.0 mA 
Output pins, RESET and Bus/Control 
(Notes 1, 2, 3) 
Pins 


VOH 
Output High Voltage on Quasi- 
2.4 
V 
IOH = -20 
I-tA 
Bidirectional 
pins 
(Note 1) 


VOH1 
Output High Voltage on Standard 
2.4 
V 
IOH = -200 
I-tA 
Output pins and Bus/Control 
pins 
(Note 1) 


IOH3 
Output High Current on RESET 
-50 
I-tA 
VOH = 2.4V 


Cs 
Pin Capacitance 
(Any Pin to VSS) 
10 
pF 
FTEST = 1.0 MHz 


NOTES: 
1. Quasi-bidirectional pins include those on P1, for P2.6 and P2.7. Standard Output Pins include TXD, RXD (Mode 0 only), 
PWM, and HSO pins. Bus/Control pins include CLKOUT, ALE, BHE, RD, WR, INST and ADO-15. 
2. Maximum current per pin must be externally limited to the following values if VOLis held above 0.45V. 
IOLon quasi-bidirectional pins and Ports 3 and 4 when used as ports: 4.0 mA 
IOLon standard output pins and RESET: 8.0 mA 
IOLon Bus/Control pins: 2.0 mA 
3. During normal (non-transient) operation the following limits apply: 


Total IOLon Port 1 must not exceed 8.0 mA. 
TotaiiOL on P2.0, P2.6, RESET and all HSO pins must not exceed 15 mA. 
TotaiiOL on Port 3 must not exceed 10 mA. 
TotaiiOL on P2.5, P2.7, and Port 4 must not exceed 20 mA. 


Symbol 
Parameter 
Mln 
Max 
Units 


TCLYX(2,3) 
READY Hold after CLKOUT 
Edge 
0(1) 
ns 


hLYV 
End of ALE/ ADV to READY Valid 
2 Tosc 
- 
70 
ns 


TLLYH 
End of ALE/ ADV to READY High 
2 TOSC + 40 
4Tosc-80 
ns 


TYLYH 
Non-Ready 
Time 
1000 
ns 


TAVDV(4) 
Address 
Valid to Input Data Valid 
5 Tosc 
- 
120(5) 
ns 


TRLDV 
RD Active to Input Data Valid 
3 Tosc 
- 
100(5) 
ns 


TRHDX 
Data Hold after RD Inactive 
0 
ns 


TRHDZ 
RD Inactive to Input Data Float 
0 
Tosc 
- 
25 
ns 


TAVGV(2,4) 
Address 
Valid to BUSWIDTH 
Valid 
2 Tosc 
- 
125 
ns 


TLLGX(2,3) 
BUSWIDTH 
Hold after ALE/ADV 
Low 
Tosc + 40 
ns 


TLLGV(2,3) 
ALE/ ADV Low to BUSWIDTH 
Valid 
Tosc 
- 
75 
ns 


TRLPV 
Reset Low to Ports Valid 
10 Tosc 
ns 


NOTES: 
1. If the 48-pin or 64-pin device is being used then this timing can be generated by assuming that the CLKOUT falling edge 
has occurred at 2 Tase + 55 (TLLCH(max) + TCHCL(max)) after the falling edge of ALE. 
2. Pins not bonded out on 64-pin devices. 
3. Pins not bonded out on 48-pin devices. 
4. The term "Address Valid" applies to ADO-15, SHE and INST. 
5. If wait states are used, add 3 Tase • N where N = number of wait states. 
• 


Symbol 
Parameter 
Min 
Max 
Units 


FXTAL 
Oscillator 
Frequency 
6.0 
12.0 
MHz 


Tosc 
Oscillator 
Period 
83 
166 
ns 


TOHCH 
XTAL 1 Rising Edge to Clockout 
Rising Edge 
0(4) 
120(4) 
ns 


TCHCH(1,4) 
CLKOUT 
Period(3) 
3 Tosd3) 
3 Tosd3) 
ns 


TCHCL(1,4) 
CLKOUT 
High Time 
Tosc 
- 
35 
Tosc 
+ 
10 
ns 


TCLLH(1,4) 
CLKOUT 
Low to ALE High 
-30 
+15 
ns 


TLLCH(4) 
ALEI ADV Low to CLKOUT 
High(1) 
Tosc 
- 
25 
Tosc 
+ 45 
ns 


TLHLL 
ALEI ADV High Time 
Tosc 
- 
30 
Tosc 
+ 35(5) 
ns 


TAVLL(6) 
Address 
Setup to End of ALE IADV 
Tosc 
- 
50 
ns 


TRLAZ(7) 
RD or WR Low to Address 
Float Commercial 
Temp. 
Typ. = 0 
10 
ns 


TRLAZ(7) 
RD or WR Low to Address 
Float Extend~d 
Temp. 
25 
ns 


TLLRL 
End of ALE IADV to RD or WR Active 
Tosc 
- 
40 
ns 


TLLAX(7) 
Address 
Hold after End of ALEI ADV 
Tosc 
- 
40 
ns 


TWLWH 
WR Pulse Width 
3 Tosc 
- 
35(2) 
ns 


TQVWH 
Output Data Valid to End of WR/WRL/WRH 
3 TOSC - 
60(2) 
ns 


TWHQX 
Output Data Hold after WR/WRLlWRH 
Tosc 
- 
50 
ns 


TWHLH 
End of WR/WRL/WRH 
to ALEI ADV High 
Tosc 
- 
75 
ns 


TRLRH 
RD Pulse Width 
3 Tosc 
- 
30(2) 
ns 


TRHLH 
End of RD to ALEI ADV High 
Tosc 
- 
45 
ns 


TCLLL(4) 
CLOCKOUT 
Low(1) to ALEI ADV Low 
Tosc 
- 
40 
Tosc 
+ 35 
ns 


TRHBX(4) 
RD High to INST(1), SHE, AD8-15 
Inactive 
Tosc 
- 
25 
Tosc 
+ 30 
ns 


TWHBX(4) 
WR High to INST(1), SHE, AD8-15 Inactive 
Tosc 
- 
50 
Tosc 
+ 100 
ns 


THLHH 
WRL, WRH Low to WRL, WRH High 
2 Tosc 
- 
35 
2 Tosc 
+ 40 
ns 


TLLHL 
ALEI ADV Low to WRL, WRH Low 
2 Tosc 
- 
30 
2 Tosc 
+ 55 
ns 


TQVHL 
Output Data Valid to WRL, WRH Low 
Tosc 
- 
60 
ns 


NOTES: 
1. Pins not bonded out on 64-pin devices. 
2. If more than one wait state is desired, add 3 Tasc for each additional wait state. 
3. CLKOUT is directly generated as a divide by 3 of the oscillator. The period will be 3 Tase ± 10 ns if Tase is constant and 
the rise and fall times on XTAL1 are less than 10 ns. 
4. CLKOUT, INST, and SHE pins not bonded out on 48-pin and 64-pin devices. 
5. Max spec applies only to ALE. Min spec applies to both ALE and ADV. 
6. The term "Address Valid" applies to ADO-15, SHE and INST. 
7. The term" 
Address" in this definition applies to ADO-7 for 8-bit cycles, and ADO-15 for 16-bit cycles. 


DATA OUT 


TQVWH ---j 


VALID 


TWLWH 


VALID 


NOTES: 
1. 8-bit bus only. 
2. 8-bit or 16-bit bus and write strobe 
mode 
selected. 


3. When 
ADV selected. 


4. 8- or 16-bit bus and no write strobe 
mode selected. 
• 


Symbol 
Parameter 
Min 
Max 
Units 


1/ToLOL 
Oscillator 
Frequency 
6 
12 
MHz 


TOHOX 
High 
Time 
25 
ns 


TOLOX 
Low Time 
30 
ns 


TOLOH 
Rise Time 
15 
ns 


TOHOL 
Fall Time 
15 
ns 


An external 
oscillator 
may encounter 
as much 
as a 100 pF load at XTAL 1 when 
it starts 
up. This is due to interaction 
between 
the amplifier 
and its feedback 
capacitance. 
Once 
the external 
signal meets 
the VIL and VIH specifications 
the 
capacitance 
will not exceed 20 pF. 


NOTE: 
Keep 
oscillator 
components 
close 
to 
chip 
and 
use 
short, 
direct 
traces 
to XTAL 1, XTAL2 and Vss. When 
using crystals, 
C1 = 30 pF and C2 = 30 pF. When 
using 
ceramic 
resonators, 
consult 
manufacturerer 
for 
recommended 
capacitor 
values. 


2.4=X 
2.0> TEST POINTS<2.0>C 
0.8 
0.8 
0.45 
---------- 
270090-49 
AC Testing 
inputs 
are driven 
at 2.4V for a Logic "1" 
and 0.45V for 
a Logic "0". 
Timing measurements 
are made at 2.0V for a Logic 
"1" 
and 0.8V 
for a Logic 
"0" 


VlOAO+O.20 
V 
YOH-O.20 
V 


vlOAD 
:::>TI"'INGp~I~T;R[NCE <:::: 


VlOAO-O.20 
v 
VOL+0.20 
V 


270090-51 
For Timing 
Purposes 
a Port Pin is no Longer 
Floating 
when 
a 
200 
mV change 
from 
Load Voltage 
Occurs, 
and 
Begins 
to Float 
when 
a 200 mV change 
from the Loaded 
VOHIVOL 
Level 
occurs 
IOL/1oH 
;, 
± 8 mA. 


Vpp 
fLOAT 


RESET 
VpD 


<18 LEAD 
VREr 


DEVICES 
EA 


Vcc 


47 JJf 


l.Dl'f 


-= 


270090-52 


SERIAL 
PORT TIMING-SHIFT 
REGISTER 
MODE 


Test Conditions: 
Load Capacitance 
= 80 pF 


Symbol 
Parameter 
Min 
Max 
Units 


TXLXL 
Serial Port Clock Period 
8 Tose 
ns 


TXLXH 
Serial Port Clock Falling Edge to Rising Edge 
4 Tose 
- 
50 
4 Tose + 50 
ns 


TQVXH 
Output Data Setup to Clock Rising Edge 
3 Tose 
ns 


TXHQX 
Output Data Hold After Clock Rising Edge 
2 Tose 
- 
70 
ns 


TXHQV 
Next Output Data Valid After Clock Rising Edge 
2 Tose + 50 
ns 


TDVXH 
Input Data Setup to Clock Rising Edge 
2 Tose + 200 
ns 


TXHDX 
Input Data Hold After Clock Rising Edge 
0 
ns 


TXHQZ 
Last Clock Rising to Output Float 
5 Tose 
ns 


Power 
Supply 
Ri•• 
Tim. 


5.5VOC 


4.5VOC 


TRLPV 
;;:; 10 Xl AL CYCLES 


Elrtamal 
RESET Low to 
Port Valid Tim. 
• 


AID 
CONVERTER 
SPECIFICATIONS 
AID 
Converter 
operation 
is verified 
only on the 8097BH, 
8397BH, 
8095BH, 
8395BH, 
8797BH, 
8795BH. 


The absolute 
conversion 
accuracy 
is dependent 
on the accuracy 
and stability 
of VREF. 


See the MCS-96 AID 
Converter 
Quick Reference 
for definitions 
of AID Converter 
terms. 


Parameter 
Typical' 
Minimum 
Maximum 
Units" 
Notes 


Resolution 
1024 
1024 
Levels 
10 
10 
Bits 


Absolute 
Error 
0 
±4 
LSBs 


Full Scale Error 
-0.5 
±0.5 
LSBs 


Zero Offset Error 
±0.5 
LSBs 


Non-Linearity 
0 
±4 
LSBs 


Differential 
Non-Linearity 
> -1 
+2 
LSBs 


Channel-to-Channel 
Matching 
0 
±1 
LSBs 


Repeatability 
±0.25 
LSBs 


Temperature 
Coefficients: 


Offset 
0.009 
LSBrC 
Full Scale 
0.009 
LSBrC 
Differential 
Non-Linearity 
0.009 
LSBrC 


Off Isolation 
-60 
dB 
1,3 


Feedthrough 
-60 
dB 
1 


VCC Power Supply Rejection 
-60 
dB 
1 


Input Series Resistance 
1K 
5K 
n 
4 


DC Input Leakage 
0 
3.0 
,..,A 


Sample Delay 
3 Tosc 
- 
50 
3 Tosc 
+ 50 
ns 
2 


Sample Time 
12 Tosc 
- 
50 
12 Tosc 
+ 50 
ns 


Sampling 
Capacitor 
2 
pF 


NOTES: 
• These 
values 
are expected 
for most devices 
at 25·C . 


•• 
An "LSB", 
as used 
here, 
is defined 
in the 
MCS-96 
AID 
Converter 
Quick 
Reference 
and has a value 
of approximately 


5mV. 
1. DC to 100 KHz. 
2. For starting 
the AID with an HSO Command. 


3. Multiplexer 
Break-Before-Make 
Guaranteed. 


4. Resistance 
from 
device 
pin, through 
internal 
MUX, to sample 
capacitor. 


Symbol 
Parameter 
Mln 
Max 
Units 


TA 
Ambient 
Temperature 
during Programming 
20 
30 
·C 


Vcc, VPD, VREF(1) 
Supply Voltages 
during Programming 
4.5 
5.5 
V 


VEA 
Programming 
Mode Supply Voltage 
9.0 
13.0 
V(2) 


Vpp 
EPROM Programming 
Supply Voltage 
12.50 
13.0 
V(2) 


Vss. ANGND(3) 
Digital and Analog Ground 
0 
0 
V 


Fosc1 
Oscillator 
Frequency 
during Auto and Slave Programming 
6.0 
6.0 
MHz 


Fosc2 
Oscillator 
Frequency 
during Run-Time 
Programming 
6.0 
12.0 
. MHz 


NOTES: 
1. vcc. VPDand VREFshould nominally be at the same voltage during programming. 
2. VEAand VPPmust never exceed the maximum voltage for any amount of time or the device may be damaged. 
3. Vss and ANGND should nominally be at the same voltage (OV)during programming. 


Symbol 
Parameter 
Mln 
Max 
Units 


TAVLL 
ADDRESS/COMMAND 
Valid to PALE Low 
0 
Tosc 


TLLAX 
ADDRESS/COMMAND 
Hold After PALE Low 
80 
Tosc 


TDVPL 
Output Data Setup Before PROG Low 
0 
Tosc 


TpLDX 
Data Hold After PROG Falling 
80 
Tosc 


TLLLH 
PALE Pulse Width 
180 
Tosc 


TpLPH 
PROG,Pulse 
Width 
250 Tosc 
100 JLs + 
144 Tosc 


TLHPL 
PALE High to PROG Low 
250 
Tosc 


TpHLL 
PROG High to Next PALE Low 
600 
Tosc 


TpHDX 
Data Hold After PROG High 
30 
Tosc 


TpHVV 
PROG High to PVER/PDO 
Valid 
500 
Tosc 


TLLVH 
PALE Low to PVER/PDO 
High 
100 
Tosc 


TpLDV 
PROG Low to VERIFICATION/DUMP 
Data Valid 
100 
Tosc 


TSHLL 
RESET High to First PALE Low (not shown) 
2000 
Tosc 


Symbol 


Ipp 


Parameter 


Vpp Supply Current (Whenever 
Programming) 
• 


Devices 
covered 
by this data 
sheet 
(see Revision 
History) 
have the following 
errata. 


The displacement 
portion of an indexed, 
three oper- 
and (byte or word) multiply 
may not be in the range 
of 200H thru 17FFH inclusive. 
If you must use these 
displacements, 
execute 
an 
indexed, 
two 
operand 
multiply 
and a move if necessary. 


The 
High 
Speed 
Input 
(HSI) 
has three 
deviations 
from the specifications. 
Note that "events" 
are de- 
fined 
as one or more 
pin transitions. 
"Entries" 
are 
defined 
as the recording 
of one or more events. 


A. 
The 
resolution 
is nine 
states 
instead 
of 
eight 
states. 
Events 
occurring 
on the same 
pin more 
frequently 
than 
once 
every 
nine states 
may be 
lost. 


B. A mismatch 
between 
the nine state 
HSI resolu- 
tion and the eight 
state 
hardware 
timer 
causes 
one time-lag value to be skipped every nine timer 
counts. 
Events may receive a time-tag 
one count 
later than expected. 


C. If the FIFO and Holding 
Register 
are empty, the 
first event will transfer 
into the Holding 
Register, 


leaving 
the 
FIFO 
empty 
again. 
The 
next 
event 
that occurs 
will be the first event loaded 
into the 
empty FIFO. If the first two events into an empty 
FIFO 
(not counting 
the 
Holding 
Register) 
occur 
coincident 
with each other, both are recorded 
as 
one entry with one time-tag. 
If the second 
event 


TpHVV 


VALID 


occurs 
within 
9 states 
after the first, the events 
will be entered 
separately 
with time-tags 
at least 


one count 
apart. 
If the second 
event 
enters 
the 
FIFO coincident 
with the "skipped" 
time-tag 
situ- 


ation (see B above) the time tags will be at least 
two counts 
apart. 


The 1990 Architectural 
Overview 
recommended 
that 
address 
2019H 
be loaded 
with OFFH. The 
recom- 


mendation 
is now 20H. 


Reading 
reserved 
location 
201CH, 
either 
internally 
or externally, 
will return "201C" 
as data. 


Serial 
Port 
Flags-Reading 
SP_STAT 
may 
not 


clear the TI or RI flag if that flag was set within two 
state times 
prior to the read. 
In addition, 
the parity 
error bit (RPE/RB8) 
may not be correct 
if it is read 
within two state times after RI is set. Use the follow- 
ing code to replace 
ORB sp_image, 
SP_STAT. 


SP_READ: 
LDB TEMP, SP_STAT 
ORB SP_IMAGE, 
TEMP 
JBS TEMP,5,SP_READ; 
if TI is 
set then read again 
JBS TEMP,6,SP_READ; 
if RI is 
set then read again 
ANDB SP_IMAGE,#7FH; 
clear 
false RB8/RPE 
ORB SP_IMAGE, 
TEMP; load 
correct RB8/RPE 


This 
data 
sheet 
(270090-010) 
is valid 
for devices 
marked 
with an "E" 
at the end of the topside 
track- 
ing number. Data sheets are changed 
as new device 


information 
becomes 
available. 
Verify with your local 
Intel 
sales 
office 
that 
you have 
the 
latest 
version 
before finalizing 
a design or ordering 
devices. 


The difference 
between 
this data sheet 
(-010) and 
the previous 
one (-009) is the IOl/IOH 
for float wave- 
form testing 
changed 
from ± 15 mA to ± 8 mA (this 
data sheet). 


The following 
differences 
exist between 
(-009) data 
sheet and (-008). 


1. The Express 
(extended 
temperature 
and burn-in 
options) 
were 
added 
to 
this 
data 
sheet. 
The 
8X9XBH 
Express 
data 
sheet 
(270433-004) 
is 
now obsolete. 


2. Changes 
were 
made 
to the format 
of the 
data 
sheet 
and the SFR descriptions 
were 
removed. 
No specification 
changes 
made. 


3 
Added 
Reserved 
Location 
201CH errata. 


The 
following 
differences 
exist 
between 
the 
-008 
data sheet and the -007 data sheet. 


1. The 
-007 
data 
sheet 
was 
valid 
for 
devices 
marked 
with 
a "0" at the 
end 
of the top 
side 
tracking 
number. 


2. The following 
errata were removed: 
RESET 
and 
the 
Quasi-Bidirectional 
Ports, 
Software 
RESET 
Timing, 
and Using T2CLK 
as the source 
for Tim- 
er2. 


3. The 
HSI 
FIFO 
Operation 
errata 
definition 
was 
changed 
to match change 
in the HSI FIFO Oper- 
ation. 


The 
following 
differences 
exist 
between 
the 
-007 
data sheet and the -006 data sheet. 


1. TCClH 
changed 
from 
Min 
= 
- 20 ns, Max 
= 
+ 25 ns to Min = - 30 ns, Max = + 15 ns. 


2. TXHQX changed 
from Min = 2 TOSC - 
50 ns to 
Min = 2 Tosc 
- 
70 ns. 


3. TOlOX 
changed 
from 
Min 
= 25 ns to Min 
= 


30 ns. 


4 
An errata was added changing 
the recommenda- 
tion for address 
2019H from OFFH to 20H. 


5. The power 
supply 
sequencing 
section 
has been 
deleted. 
The information 
is in the Hardware 
De- 
sign Information. 


6. The method 
of identifying 
the current 
change 
in- 
dicator was added to the differences 
between 
the 
-005 and -004 data sheets. 


7. A bug 
was 
not 
documented 
in the 
-004 
data 
sheet 
and was fixed before the -005 data sheet. 


Information 
on the bug was added 
to the differ- 
ence between 
the -005 and -004 data sheets. 


Differences 
between 
-006 and -005 data sheets. 


1. All EPROM 
programming 
mode 
information 
has 
been deleted 
and moved to the Hardware 
Design 
Information 
chapter. 


2. Shrink-DIP 
package 
information 
has been added. 


3. A new RESET timing specification 
has been add- 


ed for clarity. 


4. Software 
Reset 
pin timing 
information 
has been 
added. 


5. HSO IOl 
specifications 
have 
been 
improved 
so 
that all HSO pins have the same drive capability. 


6. Port 3 and Port 4 pin descriptions 
were clarified, 


indicating 
the necessity 
of pullup 
if the pins are 
used as ports. 


7. HSI FIFO overflow 
description 
added. 


Differences 
between 
the 
-005 
and 
the 
-004 
data 
sheets. 


1. The 
-005 
data 
sheet 
corresponds 
to 
devices 
marked 
with 
a "0" 
at the 
end 
of the 
topside 
tracking 
number. 
The 
-004 
data 
sheet 
corre- 
sponded 
to devices 
which 
are not marked 
with a 
"0". 


2. Much 
of the 
description 
of device 
functionality 
has been 
deleted. 
All of this 
information 
is al- 
ready in the MCS-96 
Architectural 
Overview. 


3. The 
A/D 
converter 
specification 
for 
Differential 


Non-linearity 
has been changed 
to be a minimum 
of > - 1 Isbs to a maximum 
of + 2 LSBs. 


4. 8X9XBH 
errata 
section. 
The 
JBS 
and 
JBC 
on 
Port 0 errata has been fixed on the latest device 
stepping. 
7 


5. 8X9XBH 
errata section. 
The errata for the 48-pin 
devices 
has been fixed on the latest device step- 
ping.This 
errata 
caused 
the upper 
8 bits on the 
Address/Data 
bus to be latched 
when 
resetting 
into an 8-bit external 
memory 
system. 


6. 8X9XBH 
errata 
section. 
An errata 
existed 
which 
caused 
the device 
to be held in RESET 
for ex- 
tended 
periods 
of time with the internal 
RESET 
pin 
pulled 
down 
Internally. 
The 
condition 
oc- 
curred when the XTAL inputs were driven 
before 
Vcc was stable and within the data sheet specifi- 
cation. The condition 
was worse at cold. This er- 
rata was not documented 
in the -004 data sheet. 


It has been fixed on the latest device 
stepping. 


7. 8X9XBH errata section 
Errata 3 and 4 have been 
added to the errata list. These 
errata exist for all 
steppings 
of the device. 


1. The bus control 
figures 
and bus timing 
diagrams 
were 
modified 
to more 
accurately 
describe 
their 
operation. 
In particular 
the 8-bit bus modes 
now 
reflect 
the use of Write Strobe 
Mode. 


2. Additional 
text 
was added 
to the 
Analog/Digital 
description 
of the conversion 
process 
to clarify its 
operation 
and usefulness. 


3. Text was added 
to the interrupt 
description 
sec- 
tion to indicate 
the maximum 
transition 
speed 
of 
the input signal relative to the CPU's state timing. 
A figure was included 
to graphically 
demonstrate 
the interrupt 
response 
timing. 


4. The 
pin 
descriptions 
were 
modified 
to 
indicate 
that Vpp must normally 
float in the application. 


5. The input low voltage 
specification 
(VIL1) was de- 
leted and is covered 
by the VIL specification. 


6. A suggested 
minimum 
configuration 
circuit 
was 
added to the material. 
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mum of + 2 LSB's. 


8. The EPROM 
programming 
section 
figures 
were 


corrected 
to indicate 
the correct 
interface 
to a 


2764A-2. 
A reset circuit was added to these 
fig- 


ures and the signal PVAL (Port 3.X and Port 4.X) 
is now identified 
as the valid signal for program 


verification 
in the Auto Programming 
Mode. Text 


was added 
to this section 
to reference 
the 
re- 


quirement 
of using the Auto Configuration 
Byte 


Programming 
Mode 
for 48-lead 
devices. 
Figure 


22A was edited 
for corrections 
to the text, and 


now indicates 
PVER (Port 2.0). The EPROM 
cir- 


cuits were 
corrected 
to show 
6 MHz operation 


for 
programming 
devices 
from 
internal 
micro- 


code. 


9. 
The protected 
memory 
section 
was edited 
to in- 


dicate 
that 
the 
CPU 
will 
enter 
a 
"JUMP 
ON 


SELF" 
condition 
when 
ROM/EPROM 
dump 


mode is complete. 


10. An 8X9XBH 
ERRATA 
section 
was added. 


11. This REVISION 
HISTORY 
was added. 


8097JF/8397JF/8797JF 
COMMERCIAL/EXPRESS 
HMOS MICROCONTROLLER 


8797JF: an 8097JF with 16 Kbytes of On-Chip EPROM 
8397JF: an 8097JF with 16 Kbytes of On-Chip ROM 
• 232 Byte Register 
File 
• High Speed 
I/O Subsystem 
• 256 Bytes XRAM for Code 
• Full Duplex Serial Port 
• 10-Bit A/D 
Converter 
with S/H 
• Dedicated 
Baud Rate Generator 


• Five 8-Bit I/O Ports 
• 6.25 p,s 16 x 16 Multiply 
• 20 Interrupt 
Sources 
• 6.25 p,s 32/16 
Divide 
• Pulse-Width 
Modulated 
Output 
• 16-Bit Watchdog 
Timer 
• ROM/EPROM 
Lock 
• Four 16-Bit Software 
Timers 
• Run-Time 
Programmable 
EPROM (OTP) 
• Two 
16-Bit Counter/Timers 
• Extended 
Temperature 
Available 
• Extended 
Burn-In Available 


The MCS-96 
family of 16-bit microcontrollers 
consists 
of many members, 
all of which 
are designed 
for high- 


speed control 
functions. 
The MCS-96 family members 
produced 
using Intel's HMOS-III 
process 
are described 


in this data sheet. 


The CPU supports 
bit, byte, and word operations. 
Thirty-two 
bit double-words 
are supported 
for a subset of the 


instruction 
set. With a 12 MHz input frequency 
the 8097 JF can do a 16-bit addition 
in 1.0 J.Ls and a 16 x 16-bit 


multiply 
or 32/16 
divide in 6.25 
J.Ls. Instruction 
execution 
times average 
1 to 2 J.Ls in typical 
applications. 


Four high-speed 
trigger inputs are provided 
to record the times at which external 
events occur. Six high-speed 
pulse generator 
outputs 
are provided 
to trigger external 
events at preset times. The high-speed 
output unit can 
simultaneously 
perform 
software 
timer functions. 
Up to four 16-bit software 
timers can be in operation 
at once. 


The 
on-chip 
AID 
converter 
includes 
a Sample 
and 
Hold, 
and converts 
up to 8 multiplexed 
analog 
input 


channels 
to 10-bit digital values. 
With a 12 MHz crystal, 
each conversion 
takes 22 J.Ls. 


With the commercial 
(standard) 
temperature 
option, 
operational 
characteristics 
are guaranteed 
over the tem- 


perature 
range of O°C to + 70°C. With the extended 
temperature 
range option, 
operational 
characteristics 
are 
• 
guaranteed 
over the temperature 
range of - 40°C to + 85°C. Unless otherwise 
noted, the specifications 
are 


the same for both options. 


With the extended 
burn-in option, the burn-in is dynamic 
for a minimum time of 160 hours at 125°C with Vcc = 
5.5V ± 0.5V, following 
the guidelines 
in MIL-STD-883, 
Method 
1015. 


...-------------., 
255 -, 


POWER-DOWN 
. 
\ 


RAW 
~-------------f 240 
230 
INTERNAL 


REGIST£R 
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(RA"') 


The 8097JF 
is available 
in 64-pin and 68-pin packages, 
with and without on-chip 
ROM or EPROM. The 8097JF 


numbering 
system 
is shown 
in Figure 3. Figures 5-6 
show the pinouts 
for the 64- and 68-pin packages. 
The 


64-pin 
version 
is offered 
in a Shrink-DIP 
package 
while the 68-pin versions 
come 
in a Plastic 
Leaded 
Chip 


Carrier (PLCC). 


Factory 
CPU 
User Programmable 


Masked 
ROM 
OTP 


68-Pin 
I 
64-Pin 
68-Pin 
I 
64-Pin 
68-Pin 
I 
64-Pin 


8397JF 
I 
8397JF 
8097JF 
I 
8097JF 
8797JF 
I 
8797JF 


Package 
Designators: 


N = PLCC 
U = Shrink 
DIP 


Prefix 
Designators: 
T = Extended 
Temperature 
L = Extended 
Temperature 
with 160 hrs Burn-in 


Package 
Type 
Ilia 
IIjc 


68L PLCC 
37"C/W 
13°C/W 


64L Shrink DIP 
56°C/W 
- 


All thermal 
impedance 
data is approximate 
for static 
air conditions 
a 1W of power 
dissipation. 
Values 
will 


change 
depending 
on operating 
conditions 
and application. 
See the Intel Packaging 
Handbook 
(Order Number 
240800) 
for a description 
of Intel's thermal 
impedance 
test methodology. 
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Figure 5. 68-Pln PLCC Package 
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HSO.4/HSI.2/SID.2 
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HSO.O/PACT 


HSO.l 
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P107 
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HSO.2 


Vee 
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XTAL 1 


XTAL2 


ALE/ADV 
Ro 


ADO/P3.0 


AD1/P3.1 


AD2/P3.2 


A03/P3.3 


AD4/P3.4 


ADS/P3.5 


ADS/P3.S 


AD7/P3.7 


AD8/P4.0 


AD9/P4.1 


AD10/P4.2 
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READY 
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BHE/WRH 


WR/WRL 
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P2.7 


Vpp 


Vss 


HSO.3 


Symbol 
Name and Function 


Vcc 
Main supply voltage 
(5V). 


Vss 
Digital circuit ground (OV). There are two VSS pins, both of which must be connected. 


VPD 
RAM standby supply voltage 
(5V). This voltage 
must be present during normal operation. 


In a Power Down" condition 
(i.e., Vcc drops to zero), if RESET is activated 
before Vcc 
drops below spec and VPD continues 
to be held within spec., the top 16 bytes in the 
Register 
File will retain their contents. 


VREF 
Reference 
voltage for the AID 
converter 
(5V). VREF is also the supply voltage to the 
analog portion of the A/D converter 
and the logic used to read Port O. Must be connected 
to use AID or Port O. 


ANGND 
Reference 
ground for the A/D converter. 
Must be held at nominally 
the same potential 
as 
Vss· 


Vpp 
Programming 
voltage for the EPROM devices. 
It should be + 12. 75V for programming 
and 
will float to 5V otherwise. 
It should not be above Vcc for ROM or CPU devices. This pin 
must be left floating 
in the application 
circuit for EPROM devices. 


XTAL1 
Input of the oscillator 
inverter and of the internal clock generator. 


XTAL2 
Output of the oscillator 
inverter. 


CLKOUT* 
Output of the internal clock generator. 
The frequency 
of CLKOUT 
is % the oscillator 
frequency. 
It has a 33% duty cycle. 


RESET 
Reset input to the chip. Input low for a minimum of 10 XTAL 1 cycles to reset the chip. The 
subsequent 
low-to-high 
transition 
re-synchronizes 
CLKOUT and commences 
a 10-state- 
time RESET sequence. 


BUSWIDTH* 
Input for bus width selection. 
If CCR bit 1 is a one, this pin selects the bus width for the bus 
cycle in progress. 
If BUSWIDTH 
is a 1, a 16-bit bus cycle occurs. 
If BUSWIDTH 
is a 0 an 
8-bit cycle occurs. 
If CCR bit 1 is a 0, the bus is always an 8-bit bus. If this pin is left 
unconnected, 
it will rise to Vcc. 


NMI* 
A positive transition 
causes a vector to external 
memory location 
OOOOH. 


INST* 
Output high during an external 
memory read indicates 
the read is an instruction 
fetch. 


INST is valid throughout 
the bus cycle. 


EA 
Input for memory select (External Access). 
EA equal to a TIL-high 
causes memory 
accesses 
to locations 
2000H through 
5FFF to be directed 
to on'chip 
ROM/EPROM. 
EA 
equal to a TIL-Iow 
causes accesses 
to these locations 
to be directed 
to off-chip 
memory. 


EA = + 12.75V causes the device to enter the Programming 
Mode. 


ALE/ADV 
Address 
Latch Enable or Address 
Valid output, as selected 
by CCR. Both pin options 
provide a latch to demultiplex 
the address from the address/data 
bus. When the pin is 
ADV, it goes inactive high at the end of the bus cycle. ALE/ ADV is activated 
only during 
external 
memory accesses. 


RD 
Read signal output to external 
memory. 
RD is activated 
only during external 
memory 
reads. 


WR/WRL 
Write and Write Low output to external 
memory, as selected 
by the CCR. WR will go low 
for every external write, while WRL will go low only for external writes where an even byte 
is being written. WR/WRL 
is activated 
only during external 
memory writes. 


BHE/WRH 
Bus High Enable or Write High output to external 
memory, as selected 
by the CCR. BHE 
will go low for external writes to the high byte of the data bus. WRH will go low for external 
writes where an odd byte is being written. 
BHE/WRH 
is activated 
only during external 
memory writes. 


Symbol 
Name and Function 


READY 
Ready input to lengthen 
external 
memory cycles. If the pin is low prior to the falling edge 
of CLKOUT, 
the memory controller 
goes into a wait mode until the next positive transition 
of CLKOUT 
occurs with READY high. When the external 
memory is not being used, 
READY has no effect. 
Internal control 
of the number of wait states inserted into a bus 
cycle held not ready is available 
in the CCR. 


HSI 
Inputs to High Speed Input Unit. Four HSI pins are available: 
HSI.O, HSI.1, HSI.2 and 
HSI.3. Two of them (HSI.2 and HSI.3) are shared with the HSO Unit. 


HSO 
Outputs from High Speed Output Unit. Six HSO pins are available: 
HSO.O, HSO.1, HSO.2, 
HSO.3, HSOA 
and HSO.5. Two of them (HSOA 
and HSO.5) are shared with the HSI Unit. 


Port ° 
8-bit high impedance 
input-only 
port. These pins can be used as digital inputs and/or 
as 
analog inputs to the on-chip A/D converter. 


Port 1 
8-bit quasi-bidirectional 
I/O port. 


Port 2 
8-bit multi-functional 
port. Six of its pins are shared with other functions 
in the 8096JF, 
the 
remaining 
2 are quasi bidirectional. 
These pins are also used to input and output control 
signals on EPROM devices 
in Programming 
Mode. 


Ports 3 and 4 
8-bit bidirectional 
I/O ports with open drain outputs. These pins are shared with the 
multiplexed 
address/data 
bus, which has strong internal pull-ups. 
Ports 3 and 4 are also 
used as a command, 
address and data path by EPROM devices operating 
in the 
Programming 
Mode. 


PMODE 
Determines 
the EPROM programming 
mode. 


PACT 
A low signal in Auto Programming 
Mode indicates 
that programming 
is in progress. 
A high 
signal indicates 
programming 
is complete. 


PVAL 
A low signal in Auto Programming 
Mode indicates 
that the device programmed 
correctly. 


SALE 
A falling edge in Auto Programming 
Mode indicates 
that Ports 3 and 4 contain valid 
programming 
address/command 
information 
(output from master). 


SPROG 
A falling edge in Auto Programming 
Mode indicates 
that Ports 3 and 4 contain valid 
programming 
data (output from master). 


SID 
Assigns a pin of Ports 3 and 4 to each slave to pass programming 
verification. 


PALE 
A falling edge in Slave Programming 
Mode and Auto Configuration 
Byte Programming 
Mode indicates 
that Ports 3 and 4 contain valid programming 
address/command 
information 
(input to slave). 


PROG 
A falling edge in Slave Programming 
Mode indicates 
that Ports 3 and 4 contain valid 
programming 
data (input to slave). 


PVER 
A high signal in Slave Programming 
Mode and Auto Configuration 
Byte Programming 
Mode indicates 
the byte programmed 
correctly. 


PVAL 
A high signal in Slave Programming 
Mode indicates 
the device programmed 
correctly. 


PD~ 
A low signal in Slave Programming 
Mode indicates 
that the PROG pulse was applied for 
longer than allowed. 
• 


ELECTRICAL 
CHARACTERISTICS 
ABSOLUTE 
MAXIMUM 
RATINGS* 


Ambient 
Temperature 
Under Bias. 
. 
- 55°C to + 125°C 


Storage Temperature 
- 60°C to + 150°C 


Voltage 
from EA or Vpp 
to VSS or ANGND 
-0.3V 
to + 13.0V 


Voltage 
from Any Other Pin to 
VssorANGND 
-0.3Vto 
+7.0V(1) 


Average 
Output Current from Any Pin 
10 mA 


Power Dlssipation(2) 
1.5W 


NOTES: 
1. This includes 
Vpp and EA on ROM and CPU only 
devices. 
2. 
Power 
dissipation 
is 
based 
on 
package 
heat 
transfer 
characteristics, 
not device 
power consump- 
tion. 


NOTICE: This data sheet contains 
preliminary infor- 
mation on new products in production. 
It is valid for 
the 
devices 
indicated 
in the 
revision 
history. 
The 
specifications 
are subject to change without notice. 


• WARNING. Stressing the device beyond the "Absolute 
Maximum 
Ratings" 
may 
cause 
permanent 
damage. 


These are stress ratings only. Operation 
beyond 
the 
"Operating 
Conditions" 
is not recommended 
and ex- 
tended 
exposure 
beyond 
the 
"Operating 
Conditions" 
may affect device reliability. 


OPERATING 
CONDITIONS 
(All characteristics 
specified 
in this data sheet apply to these 
operating 
conditions 
unless otherwise 
noted.) 


Symbol 
Parameter 
Min 
Max 
Units 


TA 
Ambient 
Temperature 
Under Bias Commercial 
Temp. 
0 
+70 
°C 


TA 
Ambient 
Temperature 
Under Bias Extended 
Temp. 
-40 
+85 
°C 


Vee 
Digital Supply Voltage 
4.50 
5.50 
V 


VREF 
Analog Supply Voltage 
4.50 
5.50 
V 


Fose 
Oscillator 
Frequency 
6.0 
12 
MHz 


Vpo 
Power-Down 
Supply Voltage 
4.50 
5.50 
V 


NOTE: 
ANGNO and Vss should be nominally at the same potential. 


Symbol 
Parameter 
Min 
Max 
Units 
Test Conditions 


Ice 
Vee Supply Current Commercial 
Temp. 
300 
mA 
All Outputs 


Ice 
Vee Supply Current Extended 
Temp. 
330 
mA 
Disconnected 


Ice 
Vee Supply Current (TA ~ 70°C) 
245 
mA 


Ipo 
VPO Supply Current 
1 
mA 
Normal operation 
and Power-Down 


IREF 
VREF Supply Current Commercial 
Temp. 
8 
mA 


IREF 
VREF Supply Current Extended 
Temp. 
10 
mA 


VIL 
Input Low Voltage 
-0.3 
+0.8 
V 


VIL1 
Input Low Voltage, 
RESET Commercial 
Temp. 
-0.3 
+0.8 
V 


VIL1 
Input Low Voltage, 
RESET Extended 
Temp. 
-0.3 
+0.7 
V 


Symbol 
Parameter 
Min 
Max 
Units 
Test Conditions 


VIH 
Input High Voltage 
(Except RESET, NMI, XTAL 1) 
2.0 
Vcc 
+ 0.5 
V 


VIH1 
Input High Voltage, 
RESET Rising 
2.4 
VCC + 0.5 
V 


VIH2 
Input High Voltage, 
RESET Falling (Hysteresis) 
2.1 
VCC + 0.5 
V 


VIH3 
Input High Voltage, 
NMI, XTAL 1 Commercial 
Temp. 
2.2 
Vcc 
+ 0.5 
V 


VIH3 
Input High Voltage, 
NMI, XTAL 1 Extended 
Temp. 
2.3 
Vcc 
+ 0.5 
V 


III 
Input Leakage Current to each pin of 
±10 
p.A 
VIN = 0 to Vcc 
HSI, P3, P4, and to P2.1 


ILl1 
DC Input Leakage Current to each pin of PO 
+3 
p.A 
VIN = OtoVcc 


IIH 
Input High Current to EA 
100 
p.A 
VIH = 2.4V 


IlL 
Input Low Current to each pin of P1, 
-125 
p.A 
VIL = 0.45V 
and to P2.6, P2.7 Commercial 
Temp. 


IlL 
Input Low Current to each pin of P1, 
-150 
p.A 
VIL = 0.45V 
and to P2.6, P2.7 Extended 
Temp. 


IIL1 
Input Low Current to RESET 
-0.25 
-2 
mA 
VIL = 0.45V 


IIL2 
Input Low Current P2.2, P2.3, P2.4, 
-50 
p.A 
VIL = 0.45V 
READY, BUSWIDTH 


VOL 
Output 
Low Voltage on Quasi-Bidirectional 
0.45 
V 
IOL = 0.8 mA 
port pins and P3, P4 when used as ports 
(Note 1) 


VOL1 
Output 
Low Voltage on Quasi-Bidirectional 
0.75 
V 
IOL = 2.0 mA 
port pins and P3, P4 when used as ports 
(Notes 1, 2, 3) 


VOL2 
Output Low Voltage 
on Standard 
Output 
0.45 
V 
IOL = 2.0 mA 
pins, RESET and Bus/Control 
Pins 
(Notes 1, 2, 3) 


VOH 
Output High Voltage on Quasi-Bidirectional 
2.4 
V 
IOH = -20 
p.A 
pins 
(Note 1) 


VOH1 
Output 
High Voltage on Standard 
Output 
2.4 
V 
IOH = -200 
p.A 
pins and Bus/Control 
pins 
(Note 1) 


IOH3 
Output 
High Current on RESET 
-50 
p.A 
VOH = 2.4V 


Cs 
Pin Capacitance 
(Any Pin to Vss) 
10 
pF 
FTEST = 1.0 MHz 


NOTES: 
1. Quasi-bidirectional pins include those on P1, for P2.6 and P2.7. Standard Output Pins include TXD, RXD (Mode 0 only), 
PWM and HSO pins. Bus/Control pins include CLKOUT, ALE, BHE, RD, WR, INST and ADO-15. 
2. Maximum current per pin must be externally limited to the following values if VOL is held above 0.45V. 
IOLon quasi-bidirectional pins and Ports 3 and 4 when used as ports: 4.0 mA 
IOLon standard output pins and RESET: 8.0 mA 
IOLon Bus/Control pins: 2.0 mA 
3.During normal (non-transient) operation the following limits apply: 


Total IOLon Port 1 must not exceed 8.0 mA. 
Total IOLon P2.0, P2.6, RESET and all HSO pins must not exceed 15 mA. 
TotaiiOL on Port 3 must not exceed 10 mA. 
TotaiiOL on P2.5, P2.7, and Port 4 must not exceed 20 mA. 
• 


AC CHARACTERISTICS 
Test Conditions: 
Load Capacitance 
on Output 
Pins = 80 pF 


Symbol 
Parameter 
Min 
Max 
Units 


TCLYX(3) 
READY Hold after CLKOUT 
Edge 
0(1) 
ns 


hLYV 
End of ALE/ ADV to READY Valid 
2 Tasc 
- 
70 
ns 


TLLYH 
End of ALE/ ADV to READY High 
2 Tasc + 40 
4Tasc-8O 
ns 


TYLYH 
Non-Ready 
Time 
1000 
ns 


TAVDV(2) 
Address 
Valid to Input Data Valid 
5 Tasc 
- 
120(4) 
ns 


TRLDV 
RD Active to Input Data Valid 
3 Tasc 
- 
100(4) 
ns 


TRHDX 
Data Hold after RD Inactive 
0 
ns 


TRHDZ 
RD Inactive to Input Data Float 
0 
Tasc 
- 
25 
ns 


TAVGV(2,3) 
Address 
Valid to BUSWIDTH 
Valid 
2 Tasc 
- 
125 
ns 


TLLGX(3) 
BUSWIDTH 
Hold after ALE/ ADV Low 
Tasc + 40 
ns 


TLLGV(3) 
ALE/ ADV Low to BUSWIDTH 
Valid 
Tasc 
- 
100 
ns 


TRLPV 
Reset Low to Ports Valid 
10 Tasc 
ns 


NOTES: 
1. If the 64-pin device is being used then this timing can be generated by assuming that the CLKaUT falling edge has 
occurred at 2 Tase + 55 (TLLCH(max) + TCHCL(max» after the falling edge of ALE. 
2. The term "Address Valid" applies to ADO-15, SHE and INST. 
3. Pins not bonded out on 64-pin devices. 
4. If wait states are used, add 3 Tase • N where N = number of wait states. 


Symbol 
Parameter 
Min 
Max 
Units 


FXTAL 
Oscillator 
Frequency 
6.0 
12.0 
MHz 


Tosc 
Oscillator 
Period 
83 
166 
ns 


TOHCH(3) 
XT AL 1 Rising Edge to Clockout 
Rising Edge 
0 
120 
ns 


TCHCH(3) 
CLKOUT 
Period 
3 Tosd2) 
3 Tosd2) 
ns 


TCHCL(3) 
CLKOUT 
High Time 
ToSC - 
35 
Tosc + 10 
ns 


TCLLH(3) 
CLKOUT 
Low to ALE High 
- 
30 
+ 15 
ns 


TLLCH(3) 
ALE/ ADV Low to CLKOUT 
High 
TOSC - 
25 
TOSC + 45 
ns 


TLHLL 
ALE/ ADV High Time 
Tosc 
- 
30 
Tosc + 35(4) 
ns 


TAVLL(5) 
Address 
Setup to End of ALE/ ADV 
Tosc 
- 
50 
ns 


TRLAZ(6) 
RD or WR Low to Address 
Float Commercial 
Temp. 
Typ. = 0 
10 
ns 


TRLAZ(6) 
RD or WR Low to Address 
Float Extended 
Temp. 
25 
ns 


TLLRL 
End of ALE/ ADV to RD or WR Active 
TOSC - 
40 
ns 


TLLAX(6) 
Address 
Hold after End of ALE/ ADV 
Tosc 
- 
40 
ns 


TWLWH 
WR Pulse Width 
3 Tosc 
- 
35(1) 
ns 


TQVWH 
Output Data Valid to End of WR/WRLlWRH 
3 Tosc 
- 
60(1) 
ns 


TWHQX 
Output Data Hold after WR/WRL/WRH 
TosC - 
50 
ns 


TWHLH 
End of WR/WR 
LlWRH 
to ALE/ ADV High 
Tosc 
- 
75 
ns 


TRLRH 
RD Pulse Width 
3 Tosc 
- 
30(1) 
ns 


TRHLH 
End of RD to ALE/ ADV High 
Tosc 
- 
45 
ns 


TCLLL(3) 
CLOCKOUT 
Low to ALE/ ADV Low 
Tosc 
- 
40 
Tosc + 35 
ns 


TRHBX(3) 
RD High to INST, SHE, AD8-15 Inactive 
Tosc 
- 
25 
Tosc + 30 
ns 


TWHBX(3) 
WR High to INST, SHE, AD8-15 
Inactive 
Tosc 
- 
50 
Tosc + 100 
ns 


THLHH 
WRL, WRH Low to WRL, WRH High 
2 Tosc 
- 
35 
2 Tosc + 40 
ns 


TLLHL 
ALE/ ADV Low to WRL, WRH Low 
2 Tosc 
- 
30 
2 Tosc + 55 
ns 


TQVHL 
Output Data Valid to WRL, WRH Low 
Tosc 
- 
60 
ns 


NOTES: 
1. If more than one wait state IS desired, add 3 TOSCfor each additional wait state. 
2. CLKOUT is directly generated as a divide by 3 of the oscillator. The period will be 3 TOSC± IOns if TOSCis constant and 
the rise and fall times on XTAL1 are less than IOns. 
3. CLKOUT, INST and BHE pins not bonded out on 64-lead package. 
4. Max spec applies only to ALE. Mln spec applies to both ALE and ADV. 
5. The term "Address Valid" applies to ADO-15, BHE and INST. 
6. The term" 
Address" in this specIfication applies to ADO-7 for 8-bit cycles, and ADO-15 for 16-bit cycles. • 


TQVWH ---1 
TRHBX 


VALID 


----T,WLWH 


VALID 


NOTES: 
1. 8-bit bus only. 
2. 8-bit or 16-bit bus and write strobe 
mode selected. 


3. When 
ADV selected. 
4. 8- or 16-bit bus and no write strobe 
mode selected. 


111I1111111111111111111111111111111111111111111111111111111111111111111111111111111111111111 


TRLPV = 10 XTAL CYCLES 


External 
RESET Low 
to 
Port 
Valid 
TIme 


Symbol 
Parameter 
Min 
Max 
Units 


1/TolOl 
Oscillator 
Frequency 
6 
12 
MHz 


TOHOX 
High Time 
25 
ns 


TOlOX 
Low Time 
30 
ns 


TOlOH 
Rise Time 
15 
ns 


TOHOl 
Fall Time 
15 
ns 


An external 
oscillator 
may encounter 
as much as a 100 pF load at XTAL1 
when it starts-up. 
This is due to 
interaction 
between 
the amplifier 
and its feedback 
capacitance. 
Once the external 
signal meets 
the Vil 
and 
VIH specifications 
the capacitance 
will not exceed 
20 pF. 


• 


NOTE: 
Keep 
oscillator 
components 
close to chip 
and use short, direct 


traces 
to XTAL1, 
XTAL2 
and 
Vss. 
When 
using 
crystals, 
C1 = 


30 pF and C2 = 30 pF. When 
using 
ceramic 
resonators, 
consult 


manufacturer 
for recommended 
capacitor 
values. 


2.4-V 
2.0> 
TESTPOINTS< 2.0>C 
-'/\0.8 
0.8. 
0.45 
••••---------- 
•••• 


270795-23 


AC Testing 
inputs 
are driven 
at2.4V 
for a Logic "1" 
and 0.45V 
for 
a Logic 
"0". 
Timing 
measurements 
are made 
at 2.0V for a Logic 


"1" 
and 0.8V for a Logic 
"0". 


VLOAO+O 
20 v 


VLOAO 


VLOAD-O.20 
V 


270795-24 


For Timing 
Purposes 
a Port Pin is no Longer 
Floating 
when 
a 


200 mV change 
from 
Load Voltage 
Occurs, 
and 
Begins 
to Float 


when 
a 200 mV change 
from 
the Loaded 
VOHIVOL 
Level 
occurs 


IOL/loH;' 
±8 
mA. 


Vpp 
FLOAT 
Vpp 
FLOAT 


RESET 
VpD 
RESET 
VpD 


6. lEAD 
VREF 
68 lEAD 
VREF 


DEVICES 
EA 
DEVICES 
EA 


Vcc 
Vcc 


.7 J.lF 
.7 J.lF 


1.0J.lF 


- 
270795-25 
270795-26 


Symbol 
Parameter 
Min 
Max 
Units 


TXLXL 
Serial Port Clock Period 
8 Tosc 
ns 


TXLXH 
Serial Port Clock Falling Edge to Rising Edge 
4Tosc-5O 
4 Tosc 
+ 50 
ns 


TaVXH 
Output Data Setup to Clock Rising Edge 
3 Tosc 
ns 


TXHQX 
Output Data Hold After Clock Rising Edge 
2 TosC 
- 
70 
ns 


TXHQV 
Next Output Data Valid After Clock Rising Edge 
2 Tosc 
+50 
ns 


TDVXH 
Input Data Setup to Clock Rising Edge 
2 Tosc 
+200 
ns 


TXHDX 
Input Data Hold After Clock Rising Edge 
0 
ns 


TXHQZ 
Last Clock Rising to Output Float 
5 Tosc 
ns 


TXD - - -l...r 


TQVXH-j f- 


RXD 
(OUT) 
• 


Parameter 
Typical' 
Minimum 
Maximum 
Units" 
Notes 


Resolution 
1024 
1024 
Levels 
10 
10 
Bits 


Absolute 
Error 
0 
±4 
LSBs 


Full Scale Error 
-0.5 
±0.5 
LSBs 


Zero Offset Error 
±0.5 
LSBs 


Non-Linearity 
0 
±4 
LSBs 


Differential 
Non-Linearity 
> -1 
+2 
LSBs 


Channel-to-Channel 
Matching 
0 
±1 
LSBs 


Repeatability 
±0.25 
LSBs 


Temperature 
Coefficients: 


Offset 
0.009 
LSBJOC 
Full Scale 
0.009 
LSBI"C 


Differential 
Non-Linearity 
0.009 
LSBI"C 


Off Isolation 
-60 
dB 
1,3 


Feedthrough 
-60 
dB 
1 


VCC Power Supply Rejection 
-60 
dB 
1 


Input Series Resistance 
1K 
5K 
n 
4 


DC Input Leakage 
0 
3.0 
p.A 


Sample Delay 
3 Tosc 
- 50 
3 Tosc 
+ 50 
ns 
2 


Sample Time 
12 Tosc 
- 50 
12 Tosc 
+ 50 
ns 


Sampling 
Capacitor 
2 
pF 


NOTES: 


• These 
values 
are expected 
for most devices 
at 25'C . 
•• 
An "LSB", 
as used 
here, 
is defined 
in the 
MCS-96 
AID 
Converter 
Quick 
Reference 
and has a value 
of approximately 


5 mY. 
1. DC 10100 
KHz. 
2. For starting 
the AID 
with an HSO Command. 


3. Multiplexer 
Break-Before-Make 
Guaranteed. 


4. Resistance 
from device 
pin, through 
internal 
MUX, to sample 
capacitor. 


Symbol 
Parameter 
Min 
Max 
Units 


TA 
Ambient 
Temperature 
during Programming 
20 
30 
C 


Vcc. VPD, 
Supply Voltages 
during Programming 
4.5 
5.5 
V 
VREF(1) 


VEA 
Programming 
Mode Supply Voltage 
9.0 
13.0 
V(2) 


Vpp 
EPROM Programming 
Supply Voltage 
12.50 
13.0 
V(2) 


Vss, ANGND(3) 
Digital and Analog Ground 
0 
0 
V 


Foscl1) 
Oscillator 
Frequency 
during Auto and Slave 
6.0 
6.0 
MHz 
Programming 


Foscl2) 
Oscillator 
Frequency 
during Run-Time 
6.0 
12.0 
MHz 
Programming 


NOTES: 
1. Vcc. VPDand VREFshould 
nominally 
be at the same voltage 
during 
programming. 


2. VEAand VPPmust never exceed 
the maximum 
voltage 
for any amount 
of time or the device 
may be damaged. 


3. Vss and ANGND should 
nominally 
be at the same voltage 
(DV)during 
programming. 


Symbol 
Parameter 
Min 
Max 
Units 


TAVLL 
ADDRESS/COMMAND 
Valid to PALE Low 
0 
Tosc 


TLLAX 
ADDRESS/COMMAND 
Hold After PALE Low 
80 
Tosc 


TDVPL 
Output Data Setup Before PROG Low 
0 
Tosc 


TpLDX 
Data Hold After PROG Falling 
80 
Tosc 


TLLLH 
PALE Pulse Width 
180 
Tosc 


TpLPH 
PROG Pulse Width 
250 Tosc 
100!Jos + 


144 TosC 


TLHPL 
PALE High to PROG Low 
250 
TosC 


TpHLL 
PROG High to Next PALE Low 
600 
Tosc 


TpHDX 
Data Hold After PROG High 
30 
TOSC 


TpHVV 
PROG High to·PVER/PDO 
Valid 
500 
Tosc 


TLLVH 
PALE Low to PVER/PDO 
High 
100 
Tosc 


TpLDV 
PROG Low to VERIFICATION/DUMP 
Data Valid 
100 
Tosc 


TSHLL 
RESET High to First PALE Low (not shown) 
2000 
Tosc 


Symbol 


Ipp 


Parameter 


Vpp Supply Current (Whenever 
Programming) 
• 


This 
data 
sheet 
(270795-006) 
is valid 
for devices 
with a "S" 
at the end of the topside tracking 
number. 


Data sheets are changed 
as new device information 
becomes 
available. 
Verify with your local Intel sales 
office that you have the latest version 
before finaliz- 
ing a design or ordering 
devices. 


The 
following 
difference 
exists 
between 
this 
-006 
data sheet and the previous 
one -005. 


1. The 
IOL/IOH for float 
waveform 
testing 
changed 
from ± 15 mA to ± 8 mA (this data sheet). 


The 
following 
differences 
exist 
between 
-005 
and 
-004. 


1. The Express 
(extended 
temperature 
and burn-in 
options) 
were 
added 
to 
this 
data 
sheet. 
The 
8X9XJF 
EXPRESS 
data 
sheet 
(270796-001) 
is 
now obsolete. 


2. Changes 
were 
made 
to the format 
of the data 
sheet 
and the SFR descriptions 
were 
removed. 


No spec changes 
were made. 


3. Added 
Reserved 
Location 
201 CH errata. 


The 
following 
differences 
exist 
between 
the 
-004 
data sheet and the -003 data sheet. 


1. The -003 data sheet 
was valid only for devices 
marked 
with an "A" 
at the end of the top side 
tracking 
number. 


TpHVV 


VALID 


The 
following 
differences 
exist 
between 
the 
-003 
data sheet and the -002 data sheet. 


1. The reserve.d location 
section 
and the power sup- 


ply sequencing 
section 
has been 
deleted. 
This 


information 
is in the 
Hardware 
Design 
Informa- 


tion. 


2. The 
Software 
Reset 
Timing 
bug 
was 
removed 
from 
the Functional 
Deviations. 
The 
RESET 
pin 
will pull down for at least 2 states 
if a software 
reset or watchdog 
timer overflow 
occurs. 


Differences 
between 
the -002 and -001 data sheets. 


1. The TLLGV spec has been changed 
from Max = 


Tosc 
- 
75 ns to Max = Tosc 
= 100 ns. 


2. The TCLLH spec has been changed 
from Min = 
-20 
ns and Max = 
+25 
ns to Min = 
-30 
ns 
and Max = + 15 ns. 


3. The TXHQX spec has been changed 
from Min = 


2 Tosc 
- 
50 ns to 2Tosc 
- 
70 ns. 


4. The TOLOX spec has been changed 
from Min = 


25 ns to Min = 30 ns. 


5. Added 
"20" 
recommendation 
for 
reserved 
ad- 


dress 2019H to EPROM 
specification. 


6. Added 
errata. 


Devices 
covered 
by this data 
sheet 
(see Revision 
History) 
have the following 
errata. 


1. INDEXED, 
3 OPERAND 
MULTIPLY 


The 
displacement 
portion 
of an indexed, 
three 
operand 
(byte or word) multiply may not be in the 
range of 200H thru 17FFH inclusive. 
If you must 
use these 
displacements, 
execute 
an 
indexed, 
two operand 
multiply 
and a move if necessary. 


2. 8X97JF 
HIGH SPEED INPUTS 


The High Speed 
Input (HSI) has three deviations 
from 
the 
specifications. 
Note 
that 
"events" 
are 
defined 
as one or more pin transitions. 
"Entries" 
are 
defined 
as 
the 
recording 
of 
one 
or 
more 
events. 


A. The resolution 
is nine states 
instead 
of eight 
states. 
Events 
occurring 
on 
the 
same 
pin 
more 
frequently 
than 
once 
every 
nine state 
times may be lost. 


B. A mismatch 
between 
the nine state HSI reso- 
lution 
and 
the 
eight 
state 
hardware 
timer 
causes 
one time-tag 
value to be skipped 
ev- 
ery nine timer 
counts. 
Events 
may receive 
a 
time tag one count later than expected. 


C. If the FIFO and Holding 
Register 
are empty, 
the 
first 
event 
will 
transfer 
into the 
Holding 
Register, 
leaving 
the FIFO empty 
again. The 
next event 
that occurs 
will be the first event 
loaded 
into the 
empty 
FIFO. 
If the first 
two 
events into any empty 
FIFO (not counting 
the 
Holding 
Register) 
occur 
coincident 
with each 
other, 
both 
are 
recorded 
as one 
entry 
with 
one time-tag. 
If the second 
event occurs with- 
in 9 states 
after 
the first, the events 
will be 
entered 
separately 
with time-tags 
at least one 
count 
apart. 
If the 
second 
event 
enters 
the 
FIFO coincident 
with the "skipped" 
time-tag 
situation 
(see B above) the time-tags 
will be at 
least two counts 
apart. 


The 
1990 
Architectural 
Overview 
recommends 
that 
reserved 
location 
2019H 
be filled 
with 
hex 


value 
FFH. The 
recommendation 
is now 
to fill 
2019H with hex value 20H. 


4. RESERVED 
LOCATION 
201 CH 


Reading reserved 
location 
201CH, either internal- 
ly or externally, 
will return "201 C" as data. 


5. SERIAL 
PORT SECTION 


Serial 
Port Flags-Reading 
SP_STAT 
may not 


clear the TI or RI flag if that flag was set within 
two state times prior to the read. In addition, 
the 
parity error bit (RPE/RB8) 
may not be correct 
if it 
is read within two state times after RI is set. Use 
the following 
code 
to replace 
ORB 
sp_image, 


SP_STAT. 
SP_READ: 
LDB TEMP, SP_STAT 
ORB SP_lMAGE, TEMP 
JBS TEMP,5,SP_READ; 
if TI 
is set then read again 
JBS TEMP,6,SP_READ; 
if RI 
is set then read again 
ANDB SP_lMAGE,#7FH; 
clear 
false RB8/RPE 
ORB SP_lMAGE, TEMP; load 
correct RB8/RPE 


• 


8098/8398/8798 
COMMERCIAL/EXPRESS 
HMOS MICROCONTROLLER 


• 
8798: an 8098 with 8 Kbytes of On-Chip EPROM 
• 
8398: an 8098 with 8 Kbytes of On-Chip ROM 


• 
232 Byte Register 
File 


• 
Register-to-Register 
Architecture 


• 
10-Bit A/D 
Converter 
with S/H 


• 
Two 8-Bit and Two 4-Bit I/O 
Ports 


• 
20 Interrupt 
Sources 


• 
Pulse-Width 
Modulated 
Output 


• 
ROM/EPROM 
Lock 


• 
High Speed 
I/O Subsystem 


• 
Extended 
Temperature 
Available 


• 
Full Duplex Serial Port 


• 
Dedicated 
Baud Rate Generator 


• 
6.25 J-Ls16 x 16 Multiply 


• 
6.25 J-Ls32/16 
Divide 


• 
16-Bit Watchdog 
Timer 


• 
Four 16-Bit Software 
Timers 


• 
Two 16-Bit Counter/Timers 


• 
Run-Time 
Programmable 
EPROM 


• 
Extended 
Burn-In Available 


The MCS@-96 family of 16-bit microcontrollers 
consists 
of many members, 
all of which are designed 
for high- 


speed control 
functions. 
The 8X98 members 
were designed 
specifically 
for those applications 
that require the 
speed of a 16-bit microcontroller 
but are limited by board space and cost requirements 
to an 8-bit external 
bus. 


The 8X98 members 
are produced 
using Intel's 
HMOS-III 
process. 


The CPU supports 
bit, byte, and word operations. 
Thirty-two 
bit double-words 
are supported 
for a subset of the 
instruction 
set. With a 12 MHz input frequency 
the 8098 can do a 16-bit addition 
in 1.0 ,.,.S and a 16 x 16-bit 
multiply 
or 32/16 
divide in 6.25 ,.,.S. Instruction 
execution 
times average 
1 to 2 ,.,.S in typical 
applications. 


Four high-speed 
trigger inputs are provided 
to record the times at which external 
events occur. Six high-speed 
pulse generator 
outputs 
are provided to trigger external 
events at preset times. The high-speed 
output unit can 
simultaneously 
perform 
software 
timer functions. 
Up to four 16-bit software 
timers can be in operation 
at once. 


The 
on-chip 
AID 
converter 
includes 
a Sample 
and 
Hold, 
and 
converts 
up to 4 multiplexed 
analog 
input 
channels 
to 10-bit digital values. 
With a 12 MHz crystal, 
each conversion 
takes 22 ,.,.S. 


I 
I 


: PORjT:00. 


DATA 


BUS 


: 
PORT 
.• 
I 
I 
I 
I 
I 
I 
I 
I 


With the commercial 
(standard) 
temperature 
option, 
operational 
characteristics 
are guaranteed 
over the 
temperature 
range 
of O·C to + 70·C. 
With 
the ex- 
tended 
temperature 
range option, 
operational 
char- 
acteristics 
are 
guaranteed 
over 
the 
temperature 
range of - 40·C to + 85·C. Unless otherwise 
noted, 
the specifications 
are the same for both options. 


With the extended 
burn-in option, 
the burn-in 
is dy- 
namic for a minimum time of 160 hours at 125·C with 
Vcc 
= 5.5V 
±0.5V, 
following 
the guidelines 
in MIL- 
STD-883, 
Method 
1015. 


Also provided 
on-chip 
are a serial port, a Watchdog 
Timer and a pulse-width 
modulated 
output 
signal. 


See the Packaging 
information 
for extended 
temper- 
ature and extended 
burn-in designators. 


OFFH 
255, 
POWER-OOWN 


OFOH 
RAM 
240 


OEFH 
INTERNAL 
239 


REGISTER 
FILE 
(RAM) 


IAH 
26 


19H 
FFFFH 
2S 
STACK 
POINTER 
STACK 
POINTER 
EXTERNAL 
MEMORY 
18H 
24 
OR I/O 


17H 
PWM_CONTROL 
23 


16H 
loS1 
lOCI 
22 
4000H 


ISH 
10SO 
lOCO 
21 
INTERNAL 
PROGRAM 


14H 
20 
STORAGE 
ROM 


OR 


13H 
RESERVED 
RESERVEO 
19 
EXTERNAL 
MEMORY 


2080H 
12H 
18 
RESERVEO 
2030H 
- 
207FH 
llH 
SP 
STAT 
SP 
CON 
17 
SECURITY 
KEY 
2020H 
- 
202FH 
10H 
10 PORT 
2 
10 PORT 
2 
16 
RESERVED 
201CH-201FH 
OFH 
RESERVED 
RESERVED 
IS 
SELF 
JUMP 
OPCDDE 
(27H 
FEH) 
201AH-201BH 
OEH 
10 PORT 0 
BAUD_RATE 
14 
RESERVED 
2019H 
ODH 
TIMER2 
(HI) 
13 
CHIP 
CONFIGURATION 
BYTE 
2018H 
OCH 
TlMER2 
(LO) 
RESERVED 
12 
RESERVED 
2012H-2017H 
OBH 
TIMER' 
(HI) 
11 


OAH 
TIMER' 
(LO) 
WATCHDOG 
10 
INTERRUPT 
VECTORS 


09H 
INT-PENDING 
INT-PENDING 


08H 
INT-MASK 
INT-MASK 
2DOOH 


07H 
SBUF 
(RX) 
SBUF 
(TX) 
PORT 
4 
IFFFH 


06H 
HSLSTATUS 
HSO_COMMANO 
PORT 
3 
lFFEH 


05H 
HSLTIME 
(HI) 
HSO_ TIME 
(HI) 
EXTERNAL 
MEMORY 


04H 
HSI 
TIME 
(LO) 
HSO_ TIME 
(LO) 
\ 
OR I/o 
OIOOH 


03H 
AD_RESULT 
(HI) 
HSLMODE 
INTERNAL 
RAM 
OOFFH 


02H 
AD_RESULT 
(LO) 
AD_COMMANO 
REGISTER 
FILE 


RO (HI) 
RO (HI) 
STACK 
POINTER 
OIH 
SPECIAL 
FUNCTION 
REGISTERS 


OOH 
RO (LO) 
RO (LO) 
(WHEN 
ACCESSED 
AS 
DATA 
MEMORY) 
OOOOH 


(WHEN 
READ) 
(WHEN 
WRlmN) 
270532-2 


Figure 2. 8X98 Memory 
Map 


The 8098 is available 
in a 48-pin package 
with and without 
on-chip 
ROM or EPROM. 
The MCS-96 
numbering 
system 
for the 8X98 devices 
is shown 
in Figure 4. Figure 6 shows 
the pinout 
for the 48-pin 
package. 
The 
48-pin version 
is offered 
in a Dual-in-Line 
package. 


Factory 
User 


Masked 
CPU 
Programmable 


ROM 
EPROM 
OTP 


48-Pin 
48-Pin 
48-Pin 
48-Pin 


8398 
8098 
8798 
8798 


Package 
Designators: 
C = Ceramic 
DIP 
P = Plastic 
DIP 


Prefix 
Designators: 
T = Extended 
Temperature 
L = Extended 
Temperature 
with 160 Hours 
Burn-In 


Package 
Type 
°Ja 
°jc 


48L Plastic DIP 
38°C/W 
19°C/W 


48L Ceramic 
DIP 
26°C/W 
6SC/W 


All thermal 
impedance 
data is approximate 
for static 
air conditions 
at 1W of power 
dissipation. 
Values 
will 
change 
depending 
on operating 
conditions 
and application. 
See the Intel Packaging 
Handbook 
(Order Number 
240800) 
for a description 
of Intel's 
thermal 
impedance 
test methodology. 


•--.. • 
RXD/P2. 
1/PALE 
1 
RESET 


TXD/P2.0/PVER/SALE 
2 
EXTINT/P2.2/PROG 


HSI.O/SID.O 
3 
VpD 


HSI. 1/SID. 
1 
4 
VREF 


HSI.2/SI0.2/HSO:4 
5 
ANGND 


HSI.3/SI0.3/HSO.5 
6 
ACH4/PO.4/PMODE.O 


HSO.O/PACT 
7 
ACH5/PO.5/PMODE. 
1 


HSO.1 
8 
ACH7 /PO. 7/PMODE.3 


HSO.2 
9 
ACH6/PO.6/PMODE.2 


HSO.3 
10 
EA 


VSS 
11 
VCC 


Vpp 
12 
48-PIN 
VSS 
DIP 
PWM/P2.5!PDO!SPROG 
13 
XTAL1 


WR 
14 
XTAL2 


N.C. 
15 
ALE!ADV 


READY 
16 
RD 


A15/P4.7 
17 
ADO/P3.0 


A 14/P4.6 
18 
AD1/P3.1 


A 13/P4.5 
19 
A02/P3.2 


A 12/P4.4 
20 
A03/P3.3 


A 11/P4.3 
21 
A04/P3.4 


A 10/P4.2 
22 
A05/P3.5 
• 


A9/P4.1 
23 
A06/P3.6 


A8/P4.0 
24 
AD7/P3.7 
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Figure 5. 48-Pln Package 


Symbol 
Name and Function 


Vcc 
Main supply voltage 
(5V). 


Vss 
Digital circuit ground (OV). There are two Vss pins, both of which must be connected. 


VPD 
RAM standby supply voltage 
(5V). This voltage 
must be present during normal operation. 
In a 
Power Down condition 
(Le. Vcc drops to zero), if RESET is activated 
before Vcc drops below 
spec and VPD continues 
to be held within spec., the top 16 bytes in the Register 
File will 
retain their contents. 


VREF 
Reference 
voltage for the AID 
converter 
(5V). VREF is also the supply voltage to the analog 
portion of the AID 
converter 
and the logic used to read Port O. Must be connected 
for AID 
and Port 0 to function. 


ANGND 
Reference 
ground for the AID converter. 
Must be held at nominally 
the same potential 
as 


Vss· 


Vpp 
Programming 
voltage for the EPROM devices. 
It should be 12.75V when programming 
and 
will float to 5V otherwise. 
The pin should not be above Vcc for ROM or CPU devices. 
This pin 
must float in the application 
circuit on EPROM devices. 


XTAL1 
Input of the oscillator 
inverter and of the internal clock generator. 


XTAL2 
Output of the oscillator 
inverter. 


RESET 
Reset input to the chip. Input low for a minimum 
1OXTAL 1 cycles to reset the chip. The 
subsequent 
low-to-high 
transition 
re-synchronizes 
CLKOUT 
and commences 
a 10-state-time 
RESET sequence. 


EA 
Input for memory select (External Access). 
EA equal to a TTL-high 
causes memory accesses 
to locations 
2000H through 
3FFFH to be directed 
to on-chip 
ROM. EA equal to a TTL-Iow 
causes accesses 
to these locations 
to be directed to off-chip 
memory. 
EA equal to + 12.75V 
causes the device to enter the Programming 
Mode. 


ALE/ADV 
Address 
Latch Enable or Address 
Valid output, as selected 
by CCR. Both pin options 
provide 
a latch to demultiplex 
the address from the address/data 
bus. When the pin is ADV, it goes 
inactive high at the end of the bus cycle. ALE/ ADV is activated 
only during external 
memory 
accesses. 


RD 
Read signal output to external 
memory. 
RD is activated 
only during external 
memory reads. 


WR 
Write output to external 
memory. WR is activated 
only during external 
memory writes. 


READY 
Ready input to lengthen 
external 
memory cycles. If the pin is low prior to the falling edge of 
CLKOUT, 
the memory controller 
goes into a wait mode until the next positive transition 
of 
CLKOUT 
occurs with READY high. When the external 
memory is not being used, READY has 
no effect. 
Internal control of the number of wait states inserted 
into a bus cycle held not ready 
is available 
in the CCR. 


Symbol 
Name and Function 


HSI 
Inputs to High Speed Input Unit. Four HSI pins are available: 
HSI.O, HSI.1, HSI.2 and 
HSI.3. Two of them (HSI.2 and HSI.3) are shared with the HSO Unit. 


HSO 
Outputs from High Speed Output Unit. Six HSO pins are available: 
HSO.O, HSO.1, HSO.2, 


HSO.3, HSO.4 and HSO.5. Two of them (HSO.4 and HSO.5) are shared with the HSI Unit. 


Port 0 
4-bit high impedance 
input-only 
port. These pins can be used as digital inputs and/or 
as 
analog inputs to the on-chip A/D converter. 


Port 2 
4-bit multi-functional 
port. Its pins are shared with other functions 
in the 8098. 


Ports 3 and 4 
8-bit bidirectional 
I/O ports with open drain outputs. These pins are shared with the 
multiplexed 
address/data 
bus which has strong internal pullups. Ports 3 and 4 are also 
used as a command, 
address and data path by EPROM devices in the Programming 
Mode. 


PMODE 
Determines 
the EPROM programming 
mode. 


PACT 
A low signal in Auto Programming 
Mode indicates 
that programming 
is in progress. 
A high 
signal indicates 
programming 
is complete. 


PVAL 
A low signal in Auto Programming 
Mode indicates 
that the device programmed 
correctly. 


SALE 
A falling edge in Auto Programming 
Mode indicates 
that Ports 3 and 4 contain valid 
programming 
address/command 
information 
(output from master). 


SPROG 
A falling edge in Auto Programming 
Mode indicates 
that Ports 3 and 4 contain valid 
programming 
data (output from master). 


SID 
Assigns a pin of Ports 3 and 4 to each slave to pass programming 
verification. 


PALE 
A falling edge in Slave Programming 
Mode and Auto Configuration 
Byte Programming 
Mode indicates 
that Ports 3 and 4 contain valid programming 
address/command 
information 
(input to slave). 


PROG 
A falling edge in Slave Programming 
Mode indicates 
that Ports 3 and 4 contain valid 
programming 
data (input to slave). 


PVER 
A high signal in Slave Programming 
Mode and Auto Configuration 
Byte Programming 
Mode indicates 
the byte programmed 
correctly. 


PVAL 
A high signal in Slave Pro'gramming 
Mode indicates 
the device programmed 
correctly. 


PD~ 
A low signal in Slave Programming 
Mode indicates 
that the PROG pulse was applied for 
longer than allowed. 


ELECTRICAL 
CHARACTERISTICS 
ABSOLUTE 
MAXIMUM 
RATINGS* 


Ambient 
Temperature 
Under Bias - 55°C to + 125°C 


Storage Temperature 
- 60°C to + 150°C 


Voltage 
from EA or Vpp 
to VSS or ANGND 
-0.3V 
to + 13.0V 


Voltage 
from Any Other 
Pin to 
Vss orANGND 
-0.3Vto 
+7.0Vl1l 


Average 
Output Current from Any Pin 
10 mA 


Power Dissipation(2l 
1.5W 


NOTES: 
1. This includes 
Vpp on ROM and CPU only devic- 
es. 
2. 
Power 
dissipation 
is 
based 
on 
package 
heat 
transfer 
limitations, 
not device 
power consumption. 


NOTICE: This data sheet contains preliminary 
infor- 


mation on new products in production. 
It is valid for 
the 
devices 
indicated 
in the 
revision 
history. 
The 
specifications 
are subject to change without notice. 


• WARNING: Stressing the device beyond the "Absolute 
Maximum 
Ratings" 
may 
cause 
permanent 
damage. 


These are stress ratings 
only. Operation 
beyond 
the 


"Operating 
Conditions" 
is not recommended 
and ex- 


tended 
exposure 
beyond 
the 
"Operating 
Conditions" 


may affect device reliability. 


OPERATING 
CONDITIONS 
(All characteristics 
specified 
in this data sheet apply to these operating 
conditions 
unless otherwise 
noted.) 


Symbol 
Parameter 
Min 
Max 
Units 


TA 
Ambient 
Temperature 
Under Bias Commercial 
Temp. 
0 
+70 
C 


TA 
Ambient 
Temperature 
Under Bias Extended 
Temp. 
-40 
+85 
C 


Vee 
Digital Supply Voltage 
4.50 
5.50 
V 


VREF 
Analog Supply Voltage 
4.50 
5.50 
V 


Fose 
Oscillator 
Frequency 
6.0 
12 
MHz 


Vpo 
Power-Down 
Supply Voltage 
4.50 
5.50 
V 


NOTE: 
ANGNO and Vss should be nominally at the same potential. 


Symbol 
Parameter 
Min 
Max 
Units 
Test Conditions 


Ice 
Vee Supply Current Commercial 
Temp. 
240 
mA 
All Outputs 


Ice 
Vee Supply Current Extended 
Temp. 
270 
mA 
Disconnected. 


Ice 
Vee Supply Current (TA 270°C) 
185 
mA 


Ipo 
Vpo Supply Current 
1 
mA 
Normal operation 
and Power-Down. 


IREF 
VREF Supply Current Commercial 
Temp. 
8 
mA 


IREF 
VREF Supply Current Extended 
Temp. 
10 
mA 


VIL 
Input Low Voltage 
-0.3 
+0.8 
V 


Symbol 
Parameter 
Min 
Max 
Units 
Test Conditions 


VIH 
Input High Voltage 
2.0 
Vcc 
+0.5 
V 
(Except RESET, NMI, XTAL 1) 


VIH1 
Input High Voltage, 
RESET Rising 
2.4 
Vcc 
+0.5 
V 


VIH2 
Input High Voltage, 
RESET Falling Hysteresis 
2.1 
VCC +0.5 
V 


VIH3 
Input High Voltage, 
NMI, XTAL 1 
2.2 
Vcc 
+0.5 
V 


III 
Input Leakage Current to each pin of HSI, P3, 
±10 
JJ.A 
Vin = 0 to Vcc 
P4, and to P2.1. 


ILl1 
DC Input Leakage Current to each pin of PO 
+3 
JJ.A 
Vin = OtoVcc 


IIH 
Input High Current to EA 
100 
JJ.A 
VIH = 2.4V 


IlL 
Input Low Current to each pin of P1 and to 
-125 
JJ.A 
VIL = 0.45V 
P2.6, P2.7 Commercial 
Temp. 


IlL 
Input Low Current to each pin of P1 and to 
-150 
JJ.A 
P2.6, P2.7 Extended 
Temp. 


11L1 
Input Low Current to RESET 
-0.25 
-2 
mA 
VIL = 0.45V 


IIL2 
Input Low Current P2.2 
-50 
JJ.A 
VIL = 0.45V 


VOL 
Output Low Voltage on P3, P4 when used as 
0.45 
V 
IOL = 0.8mA 
ports 
(Note 1) 


VOL1 
Output Low Voltage 
on P3, P4 when used as 
0.75 
V 
IOL = 2.0mA 
ports 
(Notes 1, 2, 3) 


VOL2 
Output Low Voltage 
on Standard 
Output 
0.45 
V 
IOL = 2.0mA 
pins, RESET and Bus/Control 
Pins 
(Notes 1, 2, 3) 


VOH1 
Output High Voltage 
on Standard 
Output 
2.4 
V 
IOH = -200 
JJ.A 
pins and Bus/Control 
pins 
(Note 1) 


IOH3 
Output High Current on RESET 
-50 
JJ.A 
VOH = 2.4V 


Cs 
Pin Capacitance 
(Any Pin to VSS) 
10 
pF 
FTEST = 1.0 MHz 


NOTES: 
1. Standard Output Pins include TXD, RXD (Mode 0 only), PWM, and HSO pins. Bus/Control pins include ALE, RD, WR, 


ADO-AD? and A8-A15. 
2. Maximum current per pin must be externally limited to the following values if VOL is held above 0.45V. 


IOLon Ports 3 and 4 when used as ports: 4.0 mA 
IOLon standard output pins and RESET: 8.0 mA 
IOLon Bus/Control pins: 2.0 mA 
3. During normal (non-transient) operation the following limits apply: 


TotaiiOL on P2.0, RESET and all HSO pins must not exceed 15 mA. 
TotalloL on Port 3 must not exceed 10 mA. 
TotalloL on P2.5 and Port 4 must not exceed 20 mA. 
• 
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Symbol 
Parameter 
Mln 
Max 
Units 


hlYV 
End of ALE/ ADV to READY Valid 
2 Tose 
- 
70 
ns 


hlYH 
End of ALE/ ADV to READY High 
2 Tose + 40 
4Tose-8O 
ns 


TYlYH 
Non-Ready 
Time 
1000 
ns 


TAVDV(l) 
Address 
Valid to Input Data Valid 
5 Tose 
- 
120(2) 
ns 


TRlDV 
AD Active to Input Data Valid 
3 Tose 
- 
100(2) 
ns 


TRHDX 
Data Hold after AD Inactive 
0 
ns 


TRHDZ 
RD Inactive to Input Data Float 
0 
Tose 
- 
25 
ns 


NOTE: 
1. The term "Address Valid" applies to AO-A15. 
2. If wait states are used. add 3 Tosc • N where N = number of states. 


Symbol 
Parameter 
Mln 
Max 
Units 


FXTAl 
Oscillator 
Frequency 
6.0 
12.0 
MHz 


Tose 
Oscillator 
Period 
83 
166 
ns 


TlHll 
ALE/ADV 
High Time 
Tose 
- 
30 
Tose + 35(3) 
ns 


TAVll(4) 
Address 
Setup to End of ALE/ADV 
Tose 
- 
50 
ns 


TRLAZ(5) 
RD or WR Low to Address 
Float Commercial 
Temp. 
Typ. = 0 
10 
ns 


TRLAZ(5) 
RD or WR Low to Address 
Float Extended 
Temp. 
25 
ns 


TllRl 
End of ALE/ ADV to AD Active 
Tose 
- 
40 
ns 


TlLAX(5) 
Address 
Hold after End of ALE/liJ5V 
Tose 
- 
40 
ns 


TWlWH(6) 
WR Pulse Width 
3 Tose 
- 
35(2) 
ns 


TWlWH(7) 
WR Pulse Width 
2 Tose 
- 
35(2) 
2 Tose + 40 
ns 


TQVWH 
Output Data Valid to End of WR 
3 Tose 
- 
60(2) 
ns 


TWHQX 
Output Data Hold after WR 
Tose 
- 
50 
ns 


TWHlH 
End of WR to ALE/ADV 
High 
Tose 
- 
75 
ns 


TRlRH 
'AD Pulse Width 
3 Tose 
- 
30(2) 
ns 


intel~ 


Symbol 
Parameter 
Mln 
Max 
Units 


TRHLH 
End of AD to ALE/ ADV High 
Tosc 
- 
45 
ns 


TRHBX 
AD High to A8-A 15 Inactive 
Tosc 
- 
25 
Tosc + 30 
ns 


TWHBX 
WA High to A8-A 
15 Inactive 
Tosc 
- 
50 
Tosc + 100 
ns 


hLWL(6) 
ALE/ ADV Low to WA Low 
Tosc 
- 
40 
ns 


TLLWL(7) 
ALE/ ADV Low to WA Low 
2 Tosc 
- 
30 
2 Tosc + 55 
ns 


TaVWL(6) 
Output Data Valid to WA Low 
Tosc 
- 
60 
ns 


TavwL(7) 
Output Data Valid to WA Low 
Tosc 
- 
30 
ns 


NOTES: 
2. If more than one wait state is desired, add 3 Tosc for each additional wait state. 
3. Max spec applies only to ALE. Min spec applies to both ALE and ADV. 
4. The term "Address Valid" applies to ADO-AD7, AB-A15. 
5. The term "Address" in this definition applies to ADO-AD7. 
6. Write Strobe Mode is not selected. 
7. Write Strobe Mode is selected. 


T.WLL 


ADDR 
OUT 


I-TAVLL 


ADDR 
)..------- 
,._- ....- 


NOTES: 
1. When ADV selected. 
2. When Write Strobe Mode selected 
• 


TRLPV = 10XTAL 
CYCLES 


External 
RESET Low to 
Port Volid TIme 


Symbol 
Parameter 
Min 
Max 
Units 


1/TOLOl 
Oscillator 
Frequency 
6 
12 
MHz 


TOHOX 
High Time 
25 
ns 


TOlOX 
Low Time 
30 
ns 


TOLOH 
Rise Time 
15 
ns 


TOHOl 
Fall Time 
15 
ns 


An external 
oscillator 
may encounter 
as much as a 100 pF load at XTAl 1 when 
it starts up. This is due to interaction 
between 
the amplifier 
and its feedback 
capacitance. 
Once the external 
signal meets the Vil 
and VIH specifications 
the 


capacitance 
will not exceed 20 pF. 


Quartz 
Crystal 
or 
Ceramic 
Resonator 


270532-40 


NOTE: 
Keep 
oscillator 
components 
close 
to 
chip 
and 
use 
short, 
direct 
traces 
to XTAL1, 
XTAL2 
and Vss. 
When 
using crystals, 
C1 = 36 pF, C2 = 30 pF. When using 
ceramic 
resonators, 
consult 
manufacturer 
for 
recom- 
mended capacitor 
values. 


2.4 
~ 
2.0> 
TEST 
POINTS <2.0 >C 


-'/\0.8 
0.8. 
0.45 
----------- 
270532-25 
AC Testing 
inputs 
are driven 
at 2.4V for a Logic "1" and 0.45V 
for 
a Logic "0". Timing measurements 
are made at 2.0V for a Logic 


"1" and 0.8V for a Logic 
"0". 


VLOAO+0.20 
v 
v 
LOAD 
TIMING 
REFERENCE<=: 


--- 
POINTS 
VLOAO-0.20 
V 


270532-26 
For 
Timing 
Purposes 
a Port 
Pin 
IS no 
Longer 
Floating 
when 
a 
200 mV change 
from 
Load 
Voltage 
Occurs, 
and 
Begins 
to Float 
when 
a 200 mV change 
from 
the Loaded 
VOHIVOL 
Level 
occurs 
IOL/10H 
;, 
±8 
mA. 


Vpp 
FLOAT 


RESET 
VpO 
• 


48 
LEAD 
VREf 


DEVICES 
fA 
ANGND 
Vss 1 
Vee 


47 }Jof 
Vss2 
XTAL 1 
XTAL2 


0.01 
}JoF 
10 }JoF 


30 pf 
1.0/4f 
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SERIAL PORT TIMING-5HIFT 
REGISTER MODE 
Test Conditions: 
Load Capacitance 
= 80 pF 


Symbol 
Parameter 
Min 
Max 
Units 


TXLXL 
Serial Port Clock Period 
8 Tosc 
ns 


TXLXH 
Serial Port Clock Falling Edge to Rising Edge 
4 Tosc 
- 
50 
4 Tosc 
+ 50 
ns 


TQVXH 
Output Data Setup to Clock Rising Edge 
3 Tosc 
ns 


TXHQX 
Output Data Hold After Clock Rising Edge 
2 Tosc 
- 
70 
ns 


TXHQV 
Next Output Data Valid After Clock Rising Edge 
2 Tosc 
+50 
ns 


TOVXH 
Input Data Setup to Clock Rising Edge 
2 TOSC + 200 
ns 


TXHOX 
Input Data Hold After Clock Rising Edge 
0 
ns 


TXHQZ 
Last Clock Rising to Output Float 
5 Tosc 
ns 


SERIAL PORT WAVEFORM-SHIFT 
REGISTER MODE 
r- TXLXL-j 
TXo---lS ·--lS --·lS --·lS ---lS ---lS ·_·lS --·lS 


TQVXH-j I- 
TXLXH-l 
TXHQVI--j 
-l 
TXHQZ-l I 


(O~~~ 
0 
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AID 
CONVERTER 
SPECIFICATIONS 
The absolute 
conversion 
acc.uracy is dependent 
on the accuracy 
and stability 
of VREF. 


Parameter 
Typical'(1) 
Minimum 
Maximum 
Units" 
Notes 


Resolution 
1024 
1024 
Levels 
10 
10 
Bits 


Absolute 
Error 
0 
±4 
LSBs 


Full Scale Error 
-0.5 
±0.5 
LSBs 


Zero Offset Error 
±0.5 
LSBs 


Non-Linearity 
0 
±4 
LSBs 


Differential 
Non-Linearity 
> -1 
+2 
LSBs 


Channel-to-Channel 
Matching 
0 
±1 
LSBs 


Repeatability 
±0.25 
LSBs 


Temperature 
Coefficients: 
Offset 
0.009 
LSBrC 
Full Scale 
0.009 
LSBrC 
Differential 
Non-Linearity 
0.009 
LSBrC 


Off Isolation 
-60 
dB 
1,3 


Feedthrough 
-60 
dB 
1 


VCC Power Supply Rejection 
-60 
dB 
1 


Input Series Resistance 
1K 
5K 
n 
4 


DC Input Leakage 
0 
3.0 
p.A 


Sample 
Delay 
3 Tosc 
- 
50 
3 Tosc 
+ 50 
ns 
2 


Sample Time 
12 Tosc 
- 50 
12 Tosc 
+ 50 
ns 


Sampling 
Capacitor 
2 
pF 


NOTES: 
• These 
values 
are expected 
for most parts at 25'C . 


•• 
An "LSB", 
as used 
here, 
is defined 
in the MCS-96 
AID 
Converter 
Quick 
Reference 
and 
has a value 
of approximately 
5 mY. 
1. DC to 100 KHz. 
2. For starting 
the AID 
with an HSO Command. 
3. Multiplexer 
Break-Before-Make 
Guaranteed. 


4. Resistance 
from 
device 
pill, through 
internal 
MUX, to sample 
capacitor. 
• 


Symbol 
Parameter 
Mln 
Max 
Units 


TA 
Ambient 
Temperature 
during Programming 
20 
30 
°C 


Vcc. VPD. VREF(l) 
Supply Voltages 
during Programming 
4.5 
5.5 
V 


VEA 
Programming 
Mode Supply Voltage 
9.0 
13.0 
V(2) 


Vpp 
EPROM Programming 
Supply Voltage 
12.50 
13.0 
V(2) 


Vss, ANGND(3) 
Digital and Analog Ground 
0 
0 
V 


Fosc1 
Oscillator 
Frequency 
during Auto and Slave Programming 
6.0 
6.0 
MHz 


Fosc2 
Oscillator 
Frequency 
during Run-Time 
Programming 
6.0 
12.0 
MHz 


NOTES: 
1. Vcc. VPDand VREFshould nominally be at the same voltage during programming. 
2. VEAand VPPmust never exceed the maximum voltage for any amount of time or the device may be damaged. 
3. Vss and ANGND should nominally be at the same voltage (OV)during programming. 


Symbol 
Parameter 
Mln 
Max 
Units 


TAVLL 
ADDRESS/COMMAND 
Valid to PALE Low 
0 
Tosc 


TLLAX 
ADDRESS/COMMAND 
Hold After PALE Low 
80 
Tosc 


TDVPL 
Output Data Setup Before P'R'OG Low 
0 
Tosc 


TpLDX 
Data Hold After PROO Falling 
80 
Tosc 


TLLLH 
PALE Pulse Width 
180 
Tosc 


TpLPH 
PROG Pulse Width 
250 Tosc 
100/l-s + 
144 Tosc 


TLHPL 
PALE High to PROG Low 
250 
Tosc 


TPHLL 
PROG High to Next PALE Low 
600 
Tosc 


TpHDX 
Data Hold After PROG High 
30 
Tosc 


TpHW 
PROG High to PVER/PDO 
Valid 
500 
Tosc 


hLVH 
PALE Low to PVER/PDO 
High 
100 
Tosc 


TpLDV 
PROG Low to VERIFICATION/DUMP 
Data Valid 
100 
Tosc 


TSHLL 
RESET High to First PALE Low (not shown) 
2000 
Tosc 


Symbol 


Ipp 


Parameter 


Vpp Supply Current (Whenever 
Programming) 


TLLVH--j 
I- 
-l 
j--TpHVV 


VALID 
I 
\ 
VALID 


VALID 
I 
\ 
VALID 


DIFFERENCES 
BETWEEN 
THE 
8X9XBH 
AND 8X98 


1. CCB.1 must be set to a logical 0 on the 8X98. 


2. The 
following 
8X9XBH 
pins 
and 
corresponding 
functions 
are not available 
on the 8X98: 


BUSWIDTH 


CLKOUT 


INST 


NMI 


Port 0.0-0.3 
(ACHO-3) 


Port 1.0-1.7 


Port 2.6 


Port 2.7 


P2.3 (T2CLK) 


P2.4 (T2RST). 


Devices 
covered 
by this data 
sheet 
(see Revision 
History) 
have the following 
errata. 


The displacement 
portion of an indexed, 
three oper- 
and (byte or word) multiply 
may not be in the range 
of 200H thru 17FFH inclusive. 
If you must use these 
displacements, 
execute 
an 
indexed, 
two 
operand 
multiply 
and a move if necessary. 


The 
High 
Speed 
Input 
(HSI) 
has three 
deviations 
from the specifications. 
Note that 
"events" 
are de- 


fined 
as one or more 
pin transitions. 
"Entries" 
are 
defined 
as the recording 
of one or more events. 


A. The 
resolution 
is nine 
states 
instead 
of 
eight 
states. 
Events 
occurring 
on the same 
pin more 
frequently 
than 
once 
every 
nine states 
may be 
lost. 


B. A mismatch 
between 
the nine state 
HSI resolu- 
tion and the eight 
state 
hardware 
timer 
causes 
one time-tag 
value to be skipped 
every nine timer 
counts. 
Events may receive a time-tag 
one count 
later than expected. 
. 


C. If the FIFO and Holding 
Register 
are empty, 
the 
first event will transfer 
into the Holding 
Register, 
leaving 
the 
FIFO 
empty 
again. 
The 
next 
event 
that occurs will be the first event 
loaded 
into the 
empty FIFO. If the first two events into an empty 
FIFO (not counting 
the 
Holding 
Register) 
occur 
coincident 
with each other, both are recorded 
as 
7 


one entry with one time-tag. 
If the second 
event 
occurs 
within 
nine 
states 
after 
the 
first, 
the 
events 
will be entered 
separately 
with time-tags 
at least one count apart. If the second 
event en- 
ters the FIFO coincident 
with the "skipped" 
time- 
tag situation 
(see B above) 
the time-tags 
will be 
at least two counts 
apart. 


The 1990 Architectural 
Overview 
recommended 
that 
address 
2019H 
be filled 
with hex value OFFH. The 
recommendation 
is now 20H. 


Reading 
reserved 
location 
201CH, 
either 
internally 
or externally, 
will return "201C" 
as data. 


5. SERIAL 
PORT SECTION 


Serial Port Flags-Reading 
SP_STAT 
may not 
clear the TI or RI flag if that flag was set within two 
state times prior to the read. In addition, the parity 
error bit (RPE/RB8) may not be correct if it is read 
within two state times after RI is set. Use the follow- 
ing code to replace ORB sp_image, SP_STAT. 
SP_READ: 
LDB 
TEMP, 
SP_STAT 
ORB 
SP_IMAGE, 
TEMP 
JBS 
TEMP, 
5, 
SP_READ; 
if 
TI 
is set then 
read again 
JBS 
TEMP, 
6, 
SP_READ; 
if 
RI 
is set then 
read again 
ANDB 
SP_IMAGE,#7FH; 
clear 
false RB8/RPE 
ORB 
SP_IMAGE, 
TEMP; 
load 
correct RB8/RPE 


This data sheet (270532-008) is valid for devices 
with an "E" at the end of the topside tracking num- 
ber. Data sheets are changed as new device infor- 
mation becomes available. Verify with your local 
Intel sales office that you have the latest version 
before finalizing a design or ordering devices. 


The difference between -007 and -008 is the IOl/IOH 
for 
the' float 
waveform 
testing 
changed 
from 
±15 mA to ±8 mA. 


The following differences exist between (-007) data 
sheet and the (-006). 
1. The Express (extended temperature and burn-in 
options) were added to this data sheet. The 8X98 
Express data sheet (270914-002) is now obso- 
lete. 
2. Changes were made to the format of the data 
sheet and the SFR descriptions were removed. 
No specification changes were made. 
3. Added Reserved Location 201CH errata. 


The following differences exist between the -006 
data sheet and the -005 data sheet. 
1. The -005 data sheet was valid for 
devices 
marked with a "0" at the end of the top side 
tracking number. 
2. The following errata were removed: RESET and 
the Quasi-Bidirectional Ports, Software RESET 
Timing, and Using T2CLK as the source for Tim- 
er2. 


. 3. The HSI FIFO Operation errata definition was 
changed to match a change in the HSI FIFO op- 
eration. 


The following differences exist between the -005 
data sheet and the -004 data sheet. 


1. Most of the functional description has been re- 
moved. This information is in the MCS-96 Archi- 
tectural Overview. 


2. Information on programming the Chip Configura- 
tion Register has been added. 


3. TXHQXchanged from Min = 2 Tose - 
50 ns to 
Min = 2 Tose - 
70 ns. 
4. TOlOX changed from Min = 
25 ns to Min = 
30 ns. 
5. Added AC timings specifications to clarify Write 
Strobe Mode specifications. 
6. The differences between the 8X9XBH and the 
8X98 have been added. 
7. An errata has been added changing the recom- 
mendation for address 2019H from OFFHto 20H. 


Differences between the -004 and -003 data sheets. 
1. All EPROM programming mode information has 
been moved to the Hardware Design Information 
Chapter. 


2. CCB RESET FETCH and JBS/JBC on Port 0 an- 
amolies have been corrected on the current step- 
pings of the 8X98. 
3. New information regarding T2CLK and new infor- 
mation about RESET of the Quasi Ports have 
been added to the Errata section. 


4. The Extended Reset errata has been eliminated 
on the silicon and in the data sheet. 


5. HSI Mode register is undefined until the user 
code initializes this register. 


6. Minimum DNL us now> 
-1 
LSB. 


7. HSI FIFO overflow description added. 


Differences between the -002 and -003 data sheets. 
1. All 8798 EPROM information has been added as 
a complete section after the Analog Section. 
2. The chip configuration byte values now indicate 
the use of WRITE STROBE with 8-bit systems. 
Write Strobe design text was added to the expla- 
nation. 
3. The interrupt information now includes a worst 
case timing diagram. 
4. The EPROM 8798 was added as necessary 
throughout the text. 


5. NMI pin information was deleted. 
6. Reset Register Status was added and the state 
of the HSO pins after RESET. 
7. A diagram of the Interrupt Pending Register is 
now included. 


8. A diagram 
of the PSW Register 
was added. 


9. 
VIL1 was deleted. 
This was a RESET pin charac- 
teristic 
that has been improved 
to match the oth- 
er characteristics. 


10. The 
Differential 
Non-Linearity 
specification 
in 
the AID 
converter 
specifications 
was corrected 
to read + 2 LSBs. 


11. 
Power On Reset - 
New information 
on Extend- 


ed Reset Time was added to the Errata Section. 
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soc 196KB 1O/S3C 196KB 1O/SOC 196KB 12/S3C 196KB 12 
COMMERCIAL/EXPRESS 
CHMOS MICROCONTROLLER 


83C196KB 
- 
8 Kbytes of Factory Mask-Programmed 
ROM 
80C196KB 
- 
ROMless 
• 8 Kbytes 
of On-Chip 
ROM Available 
• Full Duplex Serial Port 
• 232 Byte Register 
File 
• High Speed 
I/O Subsystem 


• Register-to-Register 
Architecture 
• 16-Bit Timer 
• 28 Interrupt 
Sources/16 
Vectors 
• 16-Bit Up/Down 
Counter 
with Capture 
• 2.3 J.ts16 x 16 Multiply (12 MHz) 
• Pulse-Width-Modulated 
Output 
• 4.0 J.ts32/16 
Divide (12 MHz) 
• Four 16-Bit Software 
Timers 
• Powerdown 
and Idle Modes 
• 10-Bit A/D 
Converter 
with Sample/Hold 
• Five 8-Bit I/O Ports 
• HOLD/HLDA 
Bus Protocol 


• 16·Bit Watchdog 
Timer 
• 10 MHz and 12 MHz Available 
• Dynamically 
Configurable 
8-Bit or 
• Extended 
Burn-In Available 
16-Bit Buswidth 
• Extended 
Temperature 
Available 


The 80C196KB 
16-bit microcontroller 
is a high performance 
member 
of the MCS®-96 
microcontroller 
family. 
The 80C196KB 
is compatible 
with the 8096BH 
and uses a true superset 
of the 8096BH 
instructions. 
Intel's 
CHMOS 
process 
provides 
a high performance 
processor 
along with low power consumption. 
To further reduce 
power 
requirements, 
the processor 
can be placed 
into Idle or Powerdown 
Mode. 


The 80C196KB 
has a 232-byte 
register file and an optional 
8 Kbyte of on-chip 
ROM. Bit, byte, word and some 
32-bit operations 
are available 
on the 80C196KB. 
With a 12 MHz oscillator 
a 16-bit addition 
takes 0.66 /los,and 
the instruction 
times average 
0.5 /losto 1.5 /los in typical 
applications. 


Four high-speed 
capture 
inputs are provided 
to record 
times when events 
occur. 
Six high-speed 
outputs 
are 
available 
for pulse or waveform 
generation. 
The high-speed 
output can also generate 
four software 
timers 
or 
start an A/D 
conversion. 
Events can be based on the timer or up/down 
counter. 
Also provided 
on-chip 
are an 
AID converter, 
serial port, watchdog 
timer and a pulse-width-modulated 
output 
signal. 


The 80C196KB10 
and 83C196KB10 
have a maximum 
guaranteed 
frequency 
of 10 MHz. The 80C196KB12 
and 83C196KB12 
have a maximum 
guaranteed 
frequency 
of 12 MHz. All references 
to the 80C196KB 
also 
refer to the 80C196KB 10, 83C196KB 10, 80C196KB 12 and 83C196KB 12 unless otherwise 
noted. 


With the commercial 
(standard) 
temperature 
option, 
operational 
characteristics 
are guaranteed 
over the tem- 
•• 
perature 
range of O°C to + 70°C. With the extended 
temperature 
range option, 
operational 
characteristics 
are 
guaranteed 
over the temperature 
range of - 40°C to + 85°C. With the extended 
burn-in option, 
the burn-in is 
dynamic 
for a minimum 
time of 160 hours at 125°C with Vcc 
= 5.5V ±0.5V, 
following 
the guidelines 
in MIL- 
STD-883, 
Method 
1015. The specifications 
which 
are different 
for the extended 
temperature 
and extended 
burn-in devices 
are listed in this data sheet. 
Otherwise, 
the commercial 
specifications 
apply for both. 


EXTERNAL 
MEMORY 
OR 1/0 


INTERNAL 
ROMIEPROM 
OR 


EXTERNAL 
MEMORY 


RESERVED 


UPPER 
8 INTERRUPT 
VECTORS 


ROMIEPROM 
SECURITY 
KEY 


RESERVED 
.- 


CHIP CONFIGURA 
nON 
BYTE 


RESERVED 


LOWER 
8 INTERRUPT 
VECTORS 


PLUS 2 SPECIAL 
INTERRUPTS 


PORT 3 AND PORT 4 


EXTERNAL 
MEMORY 
OR 1/0 


INTERNAL 
DATA 
MEMORY· 
REGISTER 
FILE 


(STACK 
POINTER. 
RAM AND SFRS) 


EXTERNAL 
PROGRAM 
CODE 
MEMORY 


The 80C196KB 
is available 
in a 68-pin 
PLCC package, 
an 80-pin OFP package 
and a 68-pin 
PGA package. 
Contact 
your local sales office to determine 
the exact ordering 
code for the part desired. 


Package 
8ja 
8jc 
Type 


PGA 
28°C/W 
3.5°C/W 


PLCC 
35°C/W 
12°C/W 


OFP 
85°C/W 
- 


All thermal 
impedance 
data is approximate 
for static 
air conditions 
at 1W of power 
dissipation. 
Values 
will 
change 
depending 
on operating 
conditions 
and application. 
See the Intel Packaging 
Handbook 
(Order Number 
240800) 
for a description 
of Intel's thermal 
impedance 
test methodology. 


PGA 
PLCC 
Description 
PGA 
PLCC 
Description 
PGA 
PLCC 
Description 


1 
9 
ACH7/PO.7 
24 
54 
AD6/P3.6 
47 
31 
P1.6/HLDA 
2 
8 
ACH6/PO.6 
25 
53 
AD7/P3.7 
48 
30 
P1.5/BREO 
3 
7 
ACH2/PO.2 
26 
52 
AD8/P4.0 
49 
29 
HSO.1 
4 
6 
ACHO/PO.O 
27 
51 
AD9/P4.1 
50 
28 
HSO.O 
5 
5 
ACH1/PO.1 
28 
50 
AD10/P4.2 
51 
27 
HSO.5/HSI.3 
6 
4 
ACH3/PO.3 
29 
49 
AD11/P4.3 
52 
26 
HSO.4/HSI.2 
7 
3 
NMI 
30 
48 
AD12/P4.4 
53 
25 
HSI.1 


8 
2 
EA 
31 
47 
AD13/P4.5 
54 
24 
HSI.O 


9 
1 
Vcc 
32 
46 
AD14/P4.6 
55 
23 
P1.4 


10 
68 
Vss 
33 
45 
AD15/P4.7 
56 
22 
P1.3 
11 
67 
XTAL1 
34 
44 
T2CLK/P2.3 
57 
21 
P1.2 
12 
66 
XTAL2 
35 
43 
READY 
58 
20 
P1.1 
13 
65 
CLKOUT 
36 
42 
T2RST/P2.4 
59 
19 
P1.0 
14 
64 
BUSWIDTH 
37 
41 
BHE/WRH 
60 
18 
TXD/P2.0 


15 
63 
INST 
38 
40 
WR/WRL 
61 
17 
RXD/P2.1 
16 
62 
ALE/ADV 
39 
39 
PWM/P2.5 
62 
16 
RESET 


17 
61 
RD 
40 
38 
P2.7/T2CAPTURE 
63 
15 
EXTINT/P2.2 
18 
60 
ADO/P3.0 
41 
37 
Vpp 
64 
14 
VSS(1) 
19 
59 
AD1/P3.1 
42 
36 
Vss 
65 
13 
VREF 
20 
58 
AD2/P3.2 
43 
35 
HSO.3/SID3 
66 
12 
ANGND 


21 
57 
AD3/P3.3 
44 
34 
HSO.2/SID2 
67 
11 
ACH4/PO.4 
22 
56 
AD4/P3.4 
45 
33 
P2.6/T2UP-DN 
68 
10 
ACH5/PO.5 
23 
55 
AD5/P3.5 
46 
32 
P1.7/HOLD 


NOTE: 
1. This 
pin was formerly 
the 
Clock 
Detect 
Enable 
pin. This function 
is not guaranteed 
to work. 
This 
pin must 
be directly 
connected 
to Vss. 
• 


80C 196KB 1O/83C196KB 
1O/80C196KB 
12/83C 196KB 12 
intel~ 


Pins Facing Down 


17 
15 
13 
1 1 
9 
7 
5 
3 
1 


18 
19 
16 
14 
12 
10 
8 
6 
4 
2 
68 


20 21 
67 66 


22 23 
A80C196KB 
65 64 
68-PIN 
24 25 
GRID ARRAY 
63 62 


26 27 
61 60 


28 29 
TOP VIEW 
59 58 
LOOKING DOWNON 
30 31 
COMPONENTSIDE 
57 56 


32 33 
OF PC BOARD 
55 54 


34 36 
38 
40 
42 
44 
46 
48 
50 
53 52 


35 
37 
39 
41 
43 
45 
47 
49 
51 
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Figure 3. 58-Pin Package (Pin Grid Array-Top 
View) 
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View) 
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Figure 
5. SO-Pin Quad Flat Pack (QFP) 


-- 
Symbol 
Name and Function 


Vcc 
Main supply voltage 
(5V). 


VSS 
Digital circuit ground (OV). There are two Vss pins, both of which must be connected. 


VREF 
Reference 
voltage for the AID 
converter 
(5V). VREF is also the supply voltage 
to the analog 
portion of the AID 
converter 
and the logic used to read Port O. Must be connected 
for AID 
and Port 0 to function. 


ANGND 
Reference 
ground for the AID 
converter. 
Must be held at nominally 
the same potential 
as 


Vss· 


Vpp 
Timing pin for the return from powerdown 
circuit. Connect 
this pin with a 1 p.F capacitor 
to 
VSS. If this function 
is not used, connect 
to Vcc. This pin is the programming 
voltage 
on the 
EPROM device. 


XTAL1 
Input of the oscillator 
inverter and of the internal clock generator. 


XTAL2 
Output of the oscillator 
inverter. 


CLKOUT 
Output of the internal clock generator. 
The frequency 
of CLKOUT 
is % the oscillator 
frequency. 
It has a 50% duty cycle. 


RESET 
Reset input and open-drain 
output. 
Input low for at least 4 state times to reset the chip. The 
subsequent 
low-to-high 
transition 
re- synchronizes 
CLKOUT 
and commences 
a 10-state-time 
sequence 
in which the PSW is cleared, a byte read from 2018H loads CCR, and a jump to 
location 
2080H is executed. 
Input high for normal operation. 
RESET has an internal 
pullup. 


BUSWIDTH 
Input for buswidth 
selection. 
If CCR bit 1 is a one, this pin selects the bus width for the bus 
cycle in progress. 
If BUSWIDTH 
is a 1, a 16-bit bus cycle occurs. 
If BUSWIDTH 
is a 0 an 8-bit 
cycle occurs. 
If CCR bit 1 is a 0, the bus is always an 8-bit bus. 


NMI 
A positive transition 
causes a vector through 
203EH. 


INST 
Output high during an external 
memory read Indicates the read is an instruction 
fetch. INST is 
valid throughout 
the bus cycle. INST is activated 
only during external 
memory accesses 
and 
output low for a data fetch. 


EA 
Input for memory select (External 
Access). 
EA equal to a TTL-high 
causes memory accesses 
to locations 
2000H through 3FFFH to be directed 
to on-chip 
ROM/EPROM. 
EA equal to a 
TIL-Iow 
causes accesses 
to these locations 
to be directed to off-chip 
memory. 
EA must be 
tied low for the 80C196KB 
ROMless 
device. 


ALE/ADV 
Address 
Latch Enable or Address 
Valid output, as selected 
by CCR. Both pin options 
provide 
a latch to demultiplex 
the address from the address/data 
bus. When the pin is ADV, it goes 
inactive high at the end of the bus cycle. ADV can be used as a chip select for external 
memory. ALE I ADV is activated 
only during external 
memory accesses. 


RD 
Read signal output to external 
memory. 
RD is activated 
only during external 
memory reads. 


WR/WRL 
Write and Write Low output to external 
memory, as selected 
by the CCR. WR will go low for 
every external write, while WRL will go low only for external 
writes where an even byte is 
being written. WR/WRL 
is activated 
only during external 
memory writes. 


BHE/WRH 
Bus High Enable or Write High output to external 
memory, as selected 
by the CCR. BHE = 0 
selects the bank of memory that is connected 
to the high byte of the data bus. AO = 0 selects 
the bank of memory that is connected 
to the low byte of the data bus. Thus accesses 
to a 
16-bit wide memory can be to the low byte only (AO = 0, BHE = 1), to the high byte only 
(AO = 1, BHE = 0), or both bytes (AO = 0, BHE = 0). If the WRH function 
is selected, 
the 
pin will go low if the bus cycle is writing to an odd memory 
location. 
BHE/WRH 
is valid only 
during 16-bit external 
memory write cycles. 
• 


Symbol 
Name and Function 


, 


READY 
Ready input to lengthen 
external 
memory cycles, for interfacing 
to slow or dynamic 
memory, 


or for bus sharing. If the pin is high, CPU operation 
continues 
in a normal manner. 
If the pin is 
low prior to the falling edge of CLKOUT, 
the memory controller 
goes into a wait mode until the 
next positive transition 
in CLKOUT occurs with READY high. When the external 
memory 
is 
not being used, READY has no effect. 
Internal control of the number of wait states inserted 
into a bus cycle held not ready is available 
through configuration 
of CCR. 


HSI 
Inputs to High Speed Input Unit. Four HSI pins are available: 
HSI.O, HSI.1, HSI.2 and HSI.3. 
Two of them (HSI.2 and HSI.3) are shared with the HSO Unit. The HSI pins are also used as 
the SID in Slave Programming 
Mode on the EPROM device. 


HSO 
Outputs from High Speed Output Unit. Six HSO pins are available: 
HSO.O, HSO.1 , HSO.2, 


HSO.3, HSO.4 and HSO.5. Two of them (HSO.4 and HSO.5) are shared with the HSI Unit. 


Port 0 
8-bit high impedance 
input-only 
port. These pins can be used as digital inputs and/or 
as 
analog inputs to the on-chip A/D converter. 
These pins set the Programming 
Mode on the 
EPROM device. 


Port 1 
8-bit quasi-bidirectional 
I/O port. 


Port 2 
8-bit multi-functional 
port. All of its pins are shared with other functions 
in the 80C196KB. 


Ports 3 and 4 
8-bit bidirectional 
I/O ports with open drain outputs. These pins are shared with the 
multiplexed 
address/data 
bus which has strong internal pull ups. Available 
as I/O only on the 
ROM and EPROM devices. 


HOLD 
Bus Hold input requesting 
control 
of the bus. Enabled by setting WSR. 7. 


HLDA 
Bus Hold acknowledge 
output indicating 
release of the bus. Enabled by setting WSR.7. 


BREQ 
Bus Request 
output activated 
when the bus controller 
has a pending external 
memory cycle. 


Enabled by setting WSR.7. 


TxD 
The TxD pin is used for serial port transmission 
in Modes 1, 2 and 3. The TxD function 
is 
enabled 
by setting IOC1 5. In mode 0 the pin is used as the serial clock output. 


RxD 
Serial Port Receive 
pin used for serial port reception. 
The RxD function 
is enabled 
by setting 
SPCON.3. 
In mode 0 the pin functions 
as input or output data. 


EXTINT 
A rising edge on the EXTINT pin will generate 
an external 
interrupt. 
EXTINT is selected 
as the 
external 
interrupt 
source by setting IOC1.1 high. 


T2CLK 
The T2CLK pin is the Timer2 clock input or the serial port baud rate generator 
input. 


T2RST 
A rising edge on the T2RST pin will reset Timer2. The external 
reset function 
is enabled 
by 
setting IOCO.03 T2RST is enabled as the reset source by clearing 
IOCO.5. 


PWM 
Port 2.5 can be enabled 
as a PWM output by setting IOC1.0 
The duty cycle of the PWM is 
determined 
by the value loaded into the PWM-CONTROL 
register (17H). 


T2UP-DN 
The T2UP-DN 
pin controls 
the direction 
of Timer2 as an up or down counter. 
The Timer2 up/ 


down function 
is enabled 
by setting IOC2.1. 


T2CAP 
A rising edge on P2.7 will capture the value of Timer2 in the T2CAPTURE 
register 
(location 
OCH in Window 
15). 


ELECTRICAL CHARACTERISTICS 
ABSOLUTE MAXIMUM RATINGS· 
NOTICE: This data sheet contains 
preliminary infor- 
mation on new products in production. 
It is valid for 


the 
devices 
indicated 
in the 
revision 
history. 
The 
specifications 
are subject to change without notice. 


• WARNING: Stressing the device beycnd the "Absolute 
Maximum 
Ratings" 
may 
cause 
permanent 
damage. 


These are stress ratings 
only. Operation 
beyond 
the 


"Operating 
Conditions" 
is not recommended 
and ex- 
tended 
exposure 
beyond 
the 
"Operating 
Conditions" 


may affect device reliability. 


Ambient 
Temperature 
Under Bias 
- 55·C to + 125·C 


Storage Temperature 
- 65·C to + 150·C 


Voltage 
On Any Pin to Vss 
-0.5V 
to + 7.0V 


Power Dissipation(1) 
1.5W 


NOTE: 
1. Power Dissipation is based on package heat transfer, 
not device power consumption. 


Symbol 
Description 
Min 
Max 
Units 


TA 
Ambient 
Temperature 
Under Bias 
0 
+70 
·C 


Vcc 
Digital Supply Voltage 
4.50 
5.50 
V 


VREF 
Analog Supply Voltage 
4.50 
5.50 
V 


Fosc 
Oscillator 
Frequency 
12 MHz 
3.5 
12 
MHz 


Fosc 
Oscillator 
Frequency 
10 MHz 
3.5 
10 
MHz 


NOTE: 
ANGND and Vss should be nominally at the same potential. 


Symbol 
Description 
Min 
Typ(7) 
Max 
Units 
Test Conditions 


VIL 
Input Low Voltage 
-0.5 
0.8 
V 


VIH 
Input High Voltage 
(Note 1) 
0.2VCC 
+ 0.9 
Vcc + 0.5 
V 


VIH1 
Input High Voltage 
on XTAL 1 
0.7Vcc 
VCC + 0.5 
V 


VIH2 
Input High Voltage on RESET 
2.6 
VCC + 0.5 
V 


VOL 
Output 
Low Voltage 
0.3 
V 
IOL = 200 IJ-A 
0.45 
V 
IOL = 3.2 mA 
1.5 
V 
IOL = 7mA 


VOH 
Output High Voltage 
Vcc 
- 
0.3 
V 
IOH = -200 
IJ-A 
(Standard 
Outputs) 
Vcc 
- 
0.7 
V 
IOH = -3.2 
mA 
Vcc 
- 
1.5 
V 
IOH = -7mA 


VOH1 
Output High Voltage 
Vcc 
- 
0.3 
V 
IOH = -10 
IJ-A 
(Quasi-bidirectional 
Outputs) 
Vcc 
- 
0.7 
V 
IOH = -30 
IJ-A 
Vcc 
- 
1.5 
V 
IOH = -60 
IJ-A 


NOTES: 
1. All pins except RESET and XTAL1. 
2. Holding these pins below VIH in Reset may cause the part to enter test modes. 
• 


intel~ 


Symbol 
Description 
Min 
Typ(7) 
Max 
Units 
Test Conditions 


III 
Input Leakage Current (Std. Inputs) 
±10 
!-LA 
o < VIN < VCC - 
O.3V 


ILl1 
Input Leakage Current (Port 0) 
+3 
!-LA 
0< 
VIN < VREF 


ITL 
1 to 0 Transition 
Current (QBD Pins) 
-650 
!-LA 
VIN = 2.0V 


IlL 
Logical 0 Input Current (QBD Pins) 
-50 
!-LA 
VIN = O.45V 


IIL1 
Logical 0 Input Current in Reset (Note 2) 
-1.2 
mA 
VIN = 0.45 V 
(ALE, RD, WR, BHE, INST, P2.0) 


Hyst 
Hysteresis 
on RESET Pin 
300 
mV 


Icc 
Active Mode Current in Reset 
40 
55 
mA 
XTAL1 = 12 MHz 


IREF 
AID 
Converter 
Reference 
Current 
2 
5 
mA 
Vcc = Vpp = VREF = 5.5V 


IIDLE 
Idle Mode Current 
10 
22 
mA 


ICC1 
Active Mode Current 
15 
22 
mA 
XTAL 1 = 3.5 MHz 


IpD 
Powerdown 
Mode Current 
5 
50 
!-LA 
Vcc = Vpp = VREF = 5.5V 


RRST 
Reset Pullup Resistor 
6K 
50K 
n 


Cs 
Pin Capacitance 
(Any Pin to VSS) 
10 
pF 
FTEST = 1.0 MHz 


NOTES: 
(Notes apply to all specifications) 
1. QSD (Quasi-bidirectional) pins include Port 1, P2.6 and P2.7. 
2. Standard Outputs include ADO-15, RD, WR, ALE, SHE, INST, HSO pins, PWM/P2.5, CLKOUT, RESET, Ports 3 and 4, 
TXD/P2.0 
and RXD (in serial mode 0). The VQ!:Lspecification is not valid for RESET. Ports 3 and 4 are open-drain outputs. 
3. Standard Inputs include HSI pins, CDE, EA, READY, SUSWIDTH, NMI, RXD/P2.1, EXTINTIP2.2, 
T2CLK/P2.3 and 
T2RSTIP2.4. 
4. Maximum current per pin must be ex1ernally limited to the following values if VOL is held above 0.45V or VOH is held 
below Vee - 
0.7V: 
IOLon Output pins: 10 mA 
IOHon quasi-bidirectional pins: self limiting 
IOHon Standard Output pins: 10 mA 
5. Maximum current per bus pin (data and control) during normal operation is ± 3.2 mA. 
6. During normal (non-transient) conditions the following total current limits apply: 
Port 1, P2.6 
IOL:29 mA 
'OH is self limiting 
HSO, P2.0, RXD, RESET 
IOL:29 mA 
IOH:26 mA 
P2.5, P2.7, WR, SHE 
'OL: 13 mA 
IOH:11 mA 
ADO-AD15 
IOL:52 mA 
IOH:52 mA 
RD, ALE, INST-CLKOUT 
IOL:13 mA 
IOH:13 mA 
7. Typicals are based on a limited number of samples and are not guaranteed. The values listed are at room temperature 
and VREF= Vee = 5V. 


Ice Max = 3.88 x FREQ + 8.43 
IIDLEMax = 1.65 x FREQ + 2.2 


AC CHARACTERISTICS 
Test Conditions: 
Capacitive 
load on all pins = 100 pF, Rise and fall times = 10 ns, Fosc 
= 10/12 
MHz 


The system 
must 
meet 
these 
specifications 
to work 
with 
the 80C196KB: 


Symbol 
Description 
Mln 
Max 
Units 
Notes 


TAVYV 
Address 
Valid to READY Setup 
80C196KB10/83C196KB10 
2 Tosc 
- 
90 
ns 
80C196KB12/83C196KB12 
2 Tosc 
- 
85 
ns 


TLLYV 
ALE Low to READY Setup 
80C196KB10/83C196KB10 
TOSC - 
80 
ns 
80C196KB12/83C196KB12 
TOSC - 
72 
ns 


TYLYH 
Non READY Time 
No upper limit 
ns 


TCLYX 
READY Hold after CLKOUT 
Low 
0 
Tosc 
- 
30 
ns 
(Note 1) 


hLYX 
READY Hold after ALE Low 
Tosc 
- 
15 
2 Tosc 
- 
40 
ns 
(Note 1) 


TAVGV 
Address 
Valid to Buswidth 
Setup 
2 TOSC - 
85 
ns 


TLLGV 
ALE Low to Buswidth 
Setup 
Tosc 
- 
70 
ns 


TCLGX 
Buswidth 
Hold after CLKOUT 
Low 
0 
ns 


TAVDV 
Address 
Valid to Input Data Valid 
80C196KB10/83C196KB10 
3 Tosc 
- 
70 
ns 
(Note 2) 
80C196KB12/83C196KB12 
3 Tosc 
- 
67 
ns 


TRLDV 
RD Active to Input Data Valid 
80C196KB10/83C196KB10 
Tosc 
- 
30 
ns 
(Note 2) 
80C196KB12/83C196KB12 
Tosc 
- 
23 
ns 


TCLDV 
CLKOUT 
Low to Input Data Valid 
Tosc 
- 
50 
ns 


TRHDZ 
End of RD to Input Data Float 
Tosc 
- 
20 
ns 


TRXDX 
Data Hold after RD Inactive 
0 
ns 


NOTES: 
1. If max is exceeded, 
additional 
wait states 
will occur. 


2. When 
using wait states, 
add 2 Tosc x n, where 
n = number 
of wait states. 


• 


AC CHARACTERISTICS 
Test Conditions: 
Capacitive 
load on all pins = 100 pF, Rise and fall times = 10 ns, FOSC = 10/12 
MHz 


The 80C196KB 
will 
meet 
these 
specifications: 


Symbol 
Description 
Mln 
Max 
Units 
Notes 


FXTAL 
Frequency 
on XTAL1 
80C196KB10/83C196KB10 
3.5 
10 
MHz 
(Note 2) 
80C196KB12/83C196KB12 
3.5 
12 
MHz 
(Note 2) 


Tosc 
I/FXTAL 
80C196KB10/83C196KB10 
100 
286 
ns 
80C196KB12/83C196KB12 
83 
286 
ns 


TXHCH 
XT AL 1 High to CLKOUT 
High or Low 
40 
110 
ns 
(Note 3) 


TCLCL 
CLKOUT 
Cycle Time 
2 Tosc 
ns 


TCHCL 
CLKOUT 
High Period 
Tosc 
- 
10 
Tosc+10 
ns 


TCLLH 
CLKOUT 
Falling Edge to ALE Rising 
-5 
15 
ns 


TLLCH 
ALE Falling Edge to CLKOUT 
Rising 
-15 
15 
ns 


TLHLH 
ALE Cycle Time 
4 Tosc 
ns 
(Note 5) 


TLHLL 
ALE High Period 
Tosc 
- 
10 
Tosc+ 
10 
ns 


TAVLL 
Address 
Setup to ALE Falling Edge 
Tosc 
- 
20 


TLLAX 
Address 
Hold after ALE Falling Edge 
TOSC - 
40 
ns 


TLLRL 
ALE Falling Edge to RD Falling Edge 
Tosc 
- 
40 
ns 


TRLCL 
RD Low to CLKOUT 
Falling Edge 
5 
30 
ns 


TRLRH 
RD Low Period 
Tosc 
- 
5 
Tosc 
+ 25 
ns 
(Note 5) 


TRHLH 
RD Rising Edge to ALE Rising Edge 
Tosc 
Tosc 
+ 25 
ns 
(Note 4) 


TRLAZ 
RD Low to Address 
Float 
10 
ns 


TLLWL 
ALE Falling Edge to WR Falling Edge 
Tosc 
- 
10 
ns 


TCLWL 
CLKOUT 
Low to WR Falling Edge 
0 
25 
ns 


TQVWH 
Data Stable to WR Rising Edge 
80C196KB10/83C196KB10 
Tosc 
- 
30 
ns 
(Note 5) 
80C196KB12/83C196KB12 
TOSC - 
23 
ns 


TCHWH 
CLKOUT 
High to WR Rising Edge 
-10 
10 
ns 


TWLWH 
WR Low Period 
Tosc 
- 
30 
Tosc 
+ 5 
ns 
(Note 5) 


TWHQX 
Data Hold after WR Rising Edge 
TosC 
- 
10 
ns 


TWHLH 
WR Rising Edge to ALE Rising Edge 
Tosc 
- 
10 
Tosc 
+ 
15 
ns 
(Note 4) 


TWHBX 
BHE, INST Hold after WR Rising Edge 
Tosc 
- 
10 
ns 


TRHBX 
BHE, INST Hold after RD Rising Edge 
Tosc 
- 
10 
ns 


TWHAX 
AD8 -15 
Hold after WR Rising Edge 
TosC 
- 
50 
ns 


TRHAX 
AD8-15 
Hold after RD Rising Edge 
TOSC - 
25 
ns 


NOTES: 
Tosc = 83.3 ns at 12 MHz; Tosc = 100 ns at 10 MHz. 
1. Customers whose applications require an 83C196KB to meet the 80C196KB specifications listed above should contact an 
Intel Field Sales Representative. 
2. Testing performed at 3.5 MHz. However, the part is static by design and will typically operate below 1 Hz. 
3. Typical specification, not guaranteed. 
4. Assuming back-to-back bus cycles. 
5. When using wait states, add 2 Tosc x n, where n = number of wait states. 
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Symbol 
Description 
Mln 
Max 
Units 
Notes 


THVCH 
HOLD Setup 
85 
ns 
1 


TCLHAL 
CLKOUT 
Low to HLDA Low 
-15 
15 
ns 


TCLBRL 
CLKOUT 
Low to BREQ Low 
-15 
15 
ns 


THALAZ 
HLDA Low to Address 
Float 
20 
ns 


THALBZ 
HLDA Low to BHE, INST, RD, WR Float 
ns 


TCLHAH 
CLKOUT 
Low to HLDA High 
-15 
15 
ns 


TCLBRH 
CLKOUT 
Low to BREQ High 
-15 
15 
ns 


THAHAX 
HLDA High to Address 
No Longer Float 
-5 
ns 


THAHBV 
HLDA High to BHE, INST, RD, WR Valid 
-20 
ns 


TCLLH 
CLKOUT 
Low to ALE High 
-5 
15 
ns 


NOTE: 
1. To guarantee 
recognition 
at next clock. 


BUS -<.. 
_ 


BHE,INST 
RD,WR 


ALE ~"'I 
~I""I 
TCL_L_Hh 
_ • 


Symbol 
Parameter 
Mln 
Max 
Units 


1/TxLXL 
Oscillator 
Frequency 
80C196KB10 
3.5 
10.0 
MHz 
80C196KB12 
3.5 
12.0 
MHz 


TXLXL 
Oscillator 
Frequency 
80C196KB10 
100 
286 
ns 
80C196KB12 
83 
286 
ns 


TXHXX 
High Time 
32 
ns 


TXLXX 
Low Time 
32 
ns 


TXLXH 
Rise Time 
10 
ns 


TXHXL 
Fall Time 
10 
ns 


An external 
oscillator 
may encounter 
as much as a 100 pF load at XT AL 1 when it starts-up. 
This is due to 
interaction 
between 
the amplifier 
and its feedback 
capacitance. 
Once the external 
signal meets 
the VIL and 
VIH specifications 
the capacitance 
will not exceed 
20 pF. 


Quartz 
Cryatal 
or 
Ceramic R.sonator 
270918-36 


NOTE: 
Keep oscillator components close to chip and use 
short, direct traces to XTAL1, XTAL2 and Vss. When 
using crystals, Cl = C2 :::::20 pF. When using ceramic 
resonators, consult manufacturer for recommended ca- 
pacitor values. 


2.4---v 2.0> 
TESTPOINTS<2.0>C 
--1\ 
0.8 
0.8. 
0.45 
--------- 
•.• 
270918-30 


AC Testing inputs are driven at2.4V for a Logic "1 ,. and 0.45V for 
a Logic "0" Timing measurements are made at 2.0V for a Logic 
"1" and 0.8V for a Logic "0". 


YLOAO+0.15Y 
YOH-0.15 Y 
YLOAO 
.•....-.TIt.4ING REfERENCE 
_ 
--- 
POINTS 
---- 
VLOAO-0.15 V 
VOL+0.15 V 


270918-31 


For Timing Purposes a Port Pin is no Longer Floating when a 
150 mV change from Load Voltage Occurs and Begins to Float 
when a 150 mV change from the Loaded VOHIVOL Level occurs 
IOL/10H= ± 15 mA. 


Each symbol 
is two pairs of letters 
prefixed 
by "T" 
for time. The characters 
in a pair indicate 
a signal and its 
condition, 
respectively. 
Symbols 
represent 
the time between 
the two signal/condition 
points. 


Conditions: 
Signals: 


H 
High 
A 
- Address 
HA 
- HLDA 


L 
Low 
B 
- BHE 
L 
- ALE/ADV 


V 
Valid 
BR 
- BREQ 
Q 
- DATA OUT 


X 
No Longer Valid 
C 
- CLKOUT 
R 
- RD 


Z 
- Floating 
0 
- DATA IN 
W 
- WR/WRH/WRL 


G 
- Buswidth 
X 
XTAL1 


H 
- HOLD 
Y 
- READY 


Symbol 
Parameter 
Min 
Max 
Units 


TXLXL 
Serial Port Clock Period (BRR ~ 8002H) 
6 Tosc 
ns 


TXLXH 
Serial Port Clock Falling Edge 
4 Tosc 
-50 
4 Tosc 
+50 
ns 
to Rising Edge (BRR ~ 8002H) 


TXLXL 
Serial Port Clock Period (BRR = 8001 H) 
4 TOSC 
ns 


TXLXH 
Serial Port Clock Falling Edge 
2 Tosc 
- 
50 
2 Tosc 
+50 
ns 
to Rising Edge (BRR = 8001 H) 


TQVXH 
Output Data Setup to Clock Rising Edge 
2 Tosc 
-50 
ns 


TXHQX 
Output Data Hold after Clock Rising Edge 
2 Tosc 
-50 
ns 


TXHQV 
Next Output Data Valid after Clock Rising Edge 
2 Tosc 
+50 
ns 


TDVXH 
Input Data Setup to Clock Rising Edge 
Tosc 
+50 
ns 


TXHDX 
Input Data Hold after Clock Rising Edge 
0 
ns 


TXHQZ 
Last Clock Rising to Output Float 
1 Tosc 
ns 


There are two modes of AID 
operation: 
with or with- 
out clock prescaler. 
The speed of the AID 
converter 
can be adjusted 
by setting 
a clock 
prescaler 
on or 
off. At high frequencies 
more time is needed 
for the 
comparator 
to settle. 
The maximum 
frequency 
with 
the clock 
prescaler 
disabled 
is 8 MHz. The conver- 
sion 
times 
with 
the 
prescaler 
turned 
on or off 
is 
shown 
in the table below. 


cy is directly dependent 
on the accuracy 
and stability 


of VREF. 
VREF must be close to Vcc 
since it supplies 
both the resistor 
ladder and the digital section 
of the 
converter. 


See the MCS-96 AID 
Quick Reference 
for definition 
of AID 
terms. 


Clock Prescaler 
On 
Clock Prescaler 
Off 
IOC2.4 = 0 
IOC2.4 = 1 


158 States 
91 States 
26.33 p..s,@ 12 MHz 
22.75 p..s@ 8 MHz 


Parameter 
Typical(1) 
Minimum 
Maximum 
Units' 
Notes 


Resolution 
512 
1024 
Levels 
9 
10 
Bits 


Absolute 
Error 
0 
±4 
LSBs 


Full Scale Error 
0.25 ±0.50 
LSBs 


Zero Offset Error 
-0.25 
±0.50 
LSBs 


Non-Linearity 
Error 
1.5 ±2.5 
0 
±4 
LSBs 


Differential 
Non-Linearity 
Error 
> -1 
+2 
LSBs 


Channel-to-Channel 
Matching 
±0.1 
0 
±1 
LSBs 


Repeatability 
±0.25 
LSBs 


Temperature 
Coefficients: 


Offset 
0.009 
LSBfOC 


Full Scale 
0.009 
LSBfOC 


Differential 
Non-Linearity 
0.009 
LSBfOC 


Off Isolation 
-60 
dB 
2,3 


Feedthrough 
-60 
dB 
2 


Vcc Power Supply Rejection 
-60 
dB 
2 


Input Series Resistance 
1K 
5K 
n 
4 


DC Input Leakage 
0 
3.0 
p..A 


Sample Time: Prescaler 
On 
15 
States 
Prescaler 
Off 
8 
States 


Sampling 
Capacitor 
3 
pF 


NOTES: 
'An 
"LSB", 
as used here, has a value of approximately 
5 mV. 


1. Typical 
values 
are expected 
for most devices 
at 25"C but are not tested 
or guaranteed. 


2. DC to 100 KHz. 
3. Multiplexer 
Break-Before-Make 
Guaranteed. 


4. Resistance 
from device 
pin, through 
internal 
MUX, to sample 
capacitor. 
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Symbols 
Description 
Mln 
Max 
Units 


RESET 
Hysteresis 
on RESET Pin 
TSD 
mV 
Hysteresis 


Ipo 
Powerdown 
Mode Current 
TSD 
mA 


TLLYV 
ALE Low to READY Setup 
Tosc 
- 
65 
ns 


TLLGV 
ALE Low to SUSWIDTH 
Setup 
Tosc 
- 
60 
ns 


TAVOV 
Address 
Valid to Input Data Valid 
3 Tosc 
- 
60 
ns 


TRLOV 
RD Low to Input Data Valid 
Tosc 
- 
25 
ns 


TLHLL 
ALE High Period 
Tosc 
- 
12 
Tosc + 12 
ns 


TRHAX 
ADa-AD15 
Hold after RD Rising 
TosC - 
50 
ns 


THALAZ 
HLDA Low to Address 
Float 
-25 
ns 


THALBZ 
HLDA Low to SHE, INST, 
-30 
ns 
RD, WR Float 


THAHBV 
HLDA High to SHE, INST, 
-25 
ns 
RD, WRVaiid 


AID Absolute 
Absolute 
Error 
±6 
LSSs 
Error 


1. The DJNZW 
instruction 
is not guaranteed 
to be 
functional. 
The 
instruction, 
if encountered, 
will 
not cause 
an unimplemented 
opcode 
interrupt. 


(The opcode 
for DJNZW 
is OE1 Hex.) The DJNZ 
(byte) 
instruction 
works 
correctly 
and should 
be 
used instead. 


2. The CDE function 
is not guaranteed 
to work. The 
CDE pin must be directly 
connected 
to Vss. 


3. The HSI unit has two errata: one dealing with res- 
olution 
and 
the 
other 
with 
first 
entries 
into the 
FIFO. 


The HSI resolution 
is 9 states instead of a states. 
Events on the same line may be lost if they occur 
faster 
than once every 9 state times. 


There 
is a mismatch 
between 
the 
9 state 
time 
HSI resolution 
and the a state 
time 
timer. 
This 
causes one time value to be unused every 9 timer 
counts. 
Events may receive 
a time-tag 
one count 
later 
than 
expected 
because 
of this 
"skipped" 
time value. 


If the first two 
events 
into an empty 
FIFO 
(not 
including 
the Holding 
Register) 
occur in the same 
internal 
phase, 
both are recorded 
with one time- 
tag. Otherwise, 
if the second 
event occurs 
within 
9 states 
after the first, its time-tag 
is one count 
later than the first's. 
If this is the "skipped" 
time 
value, 
the 
second 
event's 
time-tag 
is 2 counts 
later than the first's. 


If the FIFO and Holding 
Register 
are empty, 
the 
first event 
will transfer 
into the Holding 
Register 
after a state times, leaving the FIFO empty again. 
If the second 
event 
occurs 
after this time, it will 
act as a new first event 
into an empty 
FIFO. 


4. The serial port Framing 
Error flag fails to indicate 
an error 
if the bit preceding 
the stop 
bit is a 1. 


This is the case in both the a-bit and 9-bit modes. 
False framing 
errors are never generated. 


5. The serial port RI flag is not generated 
after the 
first byte is received. 
The problem 
does not occur 
if the baud rate is reloaded 
after each reception. 


6. 
If the unsigned 
divide instruction 
(byte or word) is 
the 
last 
instruction 
in the 
queue 
as 
HOLD 
or 
READY 
is asserted, 
the result may be incorrect. 


intel~ 


This data sheet (270918-002) 
is valid for devices marked with a "B" 
at the end of the top side tracking 
number. 


Data sheets are changed 
as new device information 
becomes 
available. 
Verify with your local Intel sales office 
that you have the latest version 
before finalizing 
a design or ordering 
devices. 


The following 
differences 
exist between 
this data sheet and the previous 
version 
(-001). 


1. The commercial 
and Express 
(extended 
temperature 
and extended 
burn-in) devices 
were combined 
in this 
data sheet. The Express 
only data sheet (270780-002) 
is now obsolete. 


2. The EPROM devices 
were removed 
from this data sheet. They are now in a separate 
data sheet (270909). 


3. The 
80C196KB 
devices 
were 
removed 
from 
this 
data 
sheet. 
Only 
the 
80C196KB10. 
83C196KB10, 
80C196KB12 
and 83C196KB12 
devices 
are now covered. 


4. Changes 
were made to the format 
of the data sheet and the SFR descriptions 
were removed. 


5. Two errata were added: 
the serial port RI flag and the DIVIDE during HOLD/READY. 


6. Three 
specifications 
for the extended 
temperature 
and extended 
burn-in devices 
were changed: 
VIH2 Min 
was changed 
from 2.4V to 2.6V, TXHCH Min was changed 
from 35 ns to 40 ns, and THVCH Min was changed 
from 90 ns to 85 ns. 


The -001 data sheet 
integrated 
the 87C196KB 
(order 
number 
270590-003) 
and the 83C196KB/80C196KB 
(order 
number 
270634-003) 
data sheets. 
The following 
differences 
exist between 
the -001 data sheet 
and 
each of the above 
mentioned 
data sheets. 


1. The status 
of the data sheet was upgraded 
from ADVANCE 
INFORMATION 
to PRELIMINARY. 


2. The warning 
about 
the ABSOLUTE 
MAXIMUM 
RATINGS 
was reworded 
and a notice 
of disclaimer 
was 
added to the electrical 
specifications 
section. 


3. VIH2 was increased 
from 2.2V to 2.6V. 


4. IlL1 was increased 
from 
- 950 IJ-Ato -1.2 
mA. This change was documented 
in the previous 
revision 
of the 
data sheets 
but the DC Characteristics 
table did not reflect 
the change. 


5. Maximum 
Ipo specification 
was added to the DC table and Ipo note was deleted . 
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80C198/83C198/80C194/83C194 
COMMERCIAL/EXPRESS 
CHMOS MICROCONTROLLER 


83C198 - 
8 Kbytes of Factory Mask-Programmed 
ROM 
80C198 - 
ROM less 
• 232 Byte Register 
File 
• Full Duplex Serial Port 
• Register-to-Register 
Architecture 
• High Speed 
110 Subsystem 
• 28 Interrupt 
Sources/16 
Vectors 
• 16-Bit Timer 
• 2.3 /-'-S 16 x 16 Multiply (12 MHz) 
• 16-Bit Counter 
• 4.0 /-,-S 32/16 
Divide (12 MHz) 
• Pulse-Width-Modulated 
Output 


• Powerdown 
and Idle Modes 
• Four 16-Bit Software 
Timers 
• 16-Bit Watchdog 
Timer 
• 10-Bit AID Converter 
with SamplelHold 


• 8-Bit External 
Bus 
• Extended 
Burn-In Available 
• Extended 
Temperature 
Available 


The 80C198 
is the low cost member 
of the CHMOS 
MCS@·96 microcontroller 
family. 
Intel's CHMOS 
process 


provides 
a high performance 
processor 
along with low power consumption. 
To further 
reduce 
power 
require· 
ments, 
the processor 
can be placed 
into Idle or Powerdown 
Mode. 


The 83C198 
is an 80C198 
with 8 Kbytes 
on-chip 
ROM. In this document, 
the 80C198 
will also refer to the 


83C198, 
80C194 
and 83C194 
unless 
otherwise 
stated. 
Bit, byte, word and some 32-bit operations 
are avail- 


able on the 80C198. With a 12 MHz oscillator 
a 16-bit addition takes 0.66 JLs, and the instruction 
times average 


0.5 JLs to 1.5 JLs in typical 
applications. 


Four high-speed 
capture 
inputs are provided 
to record 
times when events 
occur. 
Six high-speed 
outputs 
are 


available 
for pulse or waveform 
generation. 
The high-speed 
output can also generate 
four software 
timers or 


start an AID 
conversion. 
Events 
can be based 
on the timer or counter. 
Also provided 
on-chip 
are an AID 


converter, 
serial port, watchdog 
timer and a pulse-width-modulated 
output 
signal. 


With the commercial 
(standard) 
temperature 
option, 
operational 
characteristics 
are guaranteed 
over the tem- 


perature 
range of O°C to + 70°C. With the extended 
temperature 
range option, 
operational 
characteristics 
are 


guaranteed 
over the temperature 
range of - 40°C to + 85°C. With the extended 
burn-in option, 
the burn-in is 


dynamic 
for a minimum 
time of 160 hours at 125°C with Vcc 
= 5.5V ±0.5V, 
following 
the guidelines 
in MIL- 


STD-883, 
Method 
1015. The specifications 
which 
are different 
for the extended 
temperature 
and extended 


burn-in devices 
are listed in this data sheet. Otherwise, 
the commercial 
specifications 
apply for both. 


·-------------------- 
I CPU 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 


EXTERNAL MEMORY OR I/O 


INTERNAL ROM/EPROM 
OR 
EXTERNAL MEMORY 


RESERVED 


UPPER 8 INTERRUPT VECTORS 


ROM/EPROM 
SECURITY KEY 


RESERVED 


CHIP CONFIGURATION 
BYTE 


RESERVED 


LOWER 8 INTERRUPT VECTORS 
PLUS 2 SPECIAL INTERRUPTS 


PORT 3 AND PORT 4 


EXTERNAL MEMORY OR I/O 


INTERNAL DATA MEMORY· 
REGISTER FILE 


(STACK POINTER, RAM AND SFRS) 
EXTERNAL PROGRAM CODE MEMORY 


POWERDOWN MODE ENABLE 


III 


ADDRESS VALID STROBE SELECT 


(ALE/ 
ADV) 


(IRCO) 
} INTERNAL READY CONTROL 


(IRC') 
MODE 


(LOCO) } 
(LOC') 
PROGRAM LOCK MODE 
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The 80C198 
and 83C198 
are available 
in a 52-pin PLCC package 
and an 80-pin OFP package. 
Contact 
your 
local sales office to determine 
the exact ordering 
code for the part desired. 


Package 
Designators: 
N = 52-pin 
PLCC 
S = 80-pin OFP 


Prefix 
Designators: 
T = Extended 
temperature 
L = Extended 
temperature 
and extended 
burn-in 


Package 
Type 
°la 
Ole 


PLCC 
35°C/W 
12°C/W 


OFP 
85°C/W 
- 


All thermal 
impedance 
data is approximate 
for static 
air conditions 
at 1W of power 
dissipation. 
Values 
will 
change 
depending 
on operating 
conditions 
and application. 
See the Intel Packaging 
Handbook 
(Order Number 


240800) 
for a description 
of Intel's thermal 
impedance 
test methodology 
. 
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ACH4/PO.4 


ANGND 


VREF 
vss 
EXTINT/P2.2 


RESET 


RXD/P2.1 


TXD/P2.0 


HSI.O 


HSl.t 


HSO.4/HSI.2 


HSO.S/HSI.3 


•... 
<D 
c:i ~ 
I~ 


0 


Do. 
,.; 
,.; 
.............. 


::; 
N 
Do. 
Do. 
•... 
<D 
-' 
~t:i 


•••.... 
•••.... ~ 
J: 
J: 
8 
Ill'" 
... 
... 
0 
u 
u I~ 
... 
-' I~ 
<> 
<> 
... ... 
> 
>VI 
~ 
X 
> 
~ ... 
... ... 


0 
N 
III '" 
III 
0. 


VI I~ 
...• 
)- 
'" 
•... 
ci 
ci 
ci 
III 
c:i 
III >0. 
N 
<> 
N ~ 
> 
> 
N 
III 
VI 
VI 
VI 
Do. 
... ... 
Do. 
Do. 


J: 
J: 
J: 
J: 
•••.... ... 
•••.... 
•••.... 
•••.... 
Cl: 
~ 
... 


'" 


VI 
~ 
VI 
-' 
:< 
Cl: 
u 
Do. 
N 
N 
... 
... 


AD2/P3.2 


AD3/P3.3 


AD4/P3.4 


ADS/P3.S 


AD6/P3.6 


AD7/P3.7 


A8/P4.0 


A9/P4.1 


A10/P4.2 


Al t/P4.3 


A12/P4.4 


A13/P4.S 


AU/P4.6 


• __ ..L 
I 
c.: 
a: 
CL 
Q: 
i'L 
... ... 
••• 
••• 
••• 
••• ~ ~ 
0.. 
0.. 
0.. 
, , ,, ,, 0.. 
0.. 
, 
~ ,,,, 


N 
II> '" .. '" 
'" '" 
•... 
"0 
N 
'" .. '" 
Q 
II> 
Q 
Q 
Q 
>'" 


Q 
Q 
CO 
'" 
:< 
:< :< 
:< 
.. > .. .. .. 
.. .. .. .. 
.. .. 


6-4 
T2CLK/P2.3 
AD1/P3.1 
63 
VSS 
ADO/P3.0 
62 
READY 
Ro 
61 
T2RST/P2.-4 


ALE/ADv 
60 
N.C. 
INST 
WR 
VSS 
58 
PWt.4/P2.5 
N.C. 
57 
N.C. 


XTAL2 
56 
Vpp 
XTAL 1 
80C198/83C198 
55 
VSS 
VSS 
5-4 
VSS 
VSS 
80C194/83C194 
53 
HSO.3 
Vcc 
80-PIN QFP 
52 
VCC 
VCC 
51 
VSS 
EA 
TOP VIEW 
50 
HSO.2 
VSS 
-49 
N.C. 


N.C. 


N.C. 


N.C. 


N.C. 


N.C. 


N.C. 
N.C. 


HSO.1 
ACH6/PO.6 
HSO.O 
ACH7/PO.7 
HSO.5/HSI.3 
N.C. 
VSS 
ACH5/PO.5 
-41 
HSO.-4/HSI.2 
ACH-4/PO.-4 


Q 
••• 
II> 
N 
'" 
•... 
0 
II> U 
U 
U 
U 
U 
C! 
>'ti 
>V> 
~ 
~ 
\oJ 
N 
II> 
Z 
Vl 
N 
> 
Z 
Z 
Z 
Z 
Z 
c;; 
c;; 
C> 
\oJ 
0.. 
0.. 
:I: 
:I: 
Z 
, 
lII:: , , 
.. 
•... 
Q 
Q 
Z 
x 
x 


-= 


lII:: 
•... 


X 
\oJ 


270815-4 


NOTE: 
.I 


N.C. means 
No Connect 
(do not connect 
these 
pins). 
• 


Figure 6. 80-Pln QFP Package 


Symbol 
Name and Function 


Vcc 
Main supply voltage 
(5V). 


Vss 
The PLCC package 
has 5 Vss pins and the QFP package 
has 12 Vss pins. All must be 
connected 
to circuit ground. 
. 


VREF 
Reference 
voltage 
for the AID converter 
(5V). VREF is also the supply voltage 
to the 
analog portion of the AID converter 
and the logic used to read Port O. Must be 
connected 
for AID and Port 0 to function. 


ANGND 
Reference 
ground for the AID converter. 
Must be held at nominally 
the same potential 
asVss· 


Vpp 
Timing pin for the return from powerdown 
circuit. Connect 
this pin with a 1 ).LFcapacitor 
to Vss. If this function 
is not used, connect 
to Vcc. This pin is the programming 
voltage 
on the EPROM device. 


XTAL1 
Input of the oscillator 
inverter and of the internal clock generator. 


XTAL2 
Output of the oscillator 
inverter. 


RESET 
Reset input to and open-drain 
output from the chip. Input low for at least 4 state times to 
reset the chip. The subsequent 
low-to-high 
transition 
commences 
the Reset Sequence 
in which the PSW is cleared, a byte read from 2018H loads CCR, and a jump to location 
2080H is executed. 
Input high for normal operation. 
RESET has an internal pullup. 


INST 
Output high during an external 
memory read indicates 
the read isan 
instruction 
fetch. 


INST is valid throughout 
the bus cycle. INST is activated 
only during external 
memory 
accesses 
and ouJput low for a data fetch. 


EA 
Input for memory select (External Access). 
EA equal to a TTL·high 
causes memory 
accesses 
to locations 
2000H through 3FFFH to be directed to on-chip 
ROM/EPROM. 
EA equal to a TTL-Iow causes accesses 
to these locations 
to be directed to off-chip 
memory. 


ALE/ADV 
Address 
Latch Enable or Address 
Valid output, as selected 
by CCR. Both pin options 
provide a latch to demultiplex 
the address from the address/data 
bus. When the pin is 
ADV, it goes inactive high at the end of the bus cycle. ADV can be used as a chip select 
for external 
memory. ALE/ ADV is activated 
only during external 
memory accesses. 


RD 
Read signal output to external 
memory. 
RD is activated 
only during external 
memory 
reads. 


WR 
Write output to external 
memory. WR will go low for every external write. 


READY 
Ready input to lengthen 
external 
memory cycles, for interfacing 
to slow or dynamic 
memory, or for bus sharing. If the pin is high, CPU operation 
continues 
in a normal 
manner. When the external 
memory is not being used, READY has no effect. 
Internal 
control 
of the number of wait states inserted 
into a bus cycle held not ready is available 
through configuration 
of CCR. 


HSI 
Inputs to High Speed Input Unit. Four HSI pins are available: 
HSI.O, HSI.1, HSI.2 and 
HSI.3. Two of them (HSI.2 and HSI.3) are shared with the HSO Unit. 


HSO 
Outputs from High Speed Output Unit. Six HSO pins are available: 
HSO.O, HSO.1, 
HSO.2, HSO.3, HSO.4 and HSO.5. Two of them (HSO.4 and HSO.5) are shared with the 
HSI Unit. 


Port 0 
4-bit high impedance 
input-only 
port. These pins can be used as digital inputs and/or 
as 
analog inputs to the on-chip A/D converter. 
These pins set the Programming 
Mode on 
the EPROM device. 


Port 2 
Multi·functional 
port. All of its pins are shared with other functions 
in the 80C198. 


Symbol 
Name and Function 


Ports 3 and 4 
8-bit bidirectionalI/O 
ports with open drain outputs. These pins are shared with the 
multiplexed 
address/data 
bus which has strong internal 
pullups. Available 
as I/O only 
on the ROM and EPROM devices. 


TxD 
The TxD pin is used for serial port transmission 
in Modes 
1, 2 and 3. The TxD function 
is 
enabled 
by setting IOC1 5. In mode 0 the pin is used as the serial clock output. 


RxD 
Serial Port Receive pin used for serial port reception. 
the 
RxD function 
is enabled 
by 
setting SPCON.3. 
In mode 0 the pin functions 
as input or output data. 


EXTINT 
A positive transition 
on the EXTINT pin will generate 
an external 
interrupt. 
EXTINT is 
selected 
as the external 
interrupt 
source by setting IOC1.1 high. 


T2CLK 
The T2CLK pin is the Timer2 clock input or the serial port baud rate generator 
input. 


T2RST 
A rising edge on the T2RST pin will reset Timer2. The external 
reset function 
is enabled 
by setting IOCO.03 T2RST is enabled 
as the reset source by clearing 
IOCO.5. 


PWM 
Port 2.5 can be enabled as a PWM output by setting IOC1.0 
The duty cycle of the PWM 
is determined 
by the value loaded into the PWM-CONTROL 
register (17H) . 
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ELECTRICAL 
CHARACTERISTICS 
ABSOLUTE 
MAXIMUM 
RATINGS· 


Ambient 
Temperature 
Under Bias 
- 55°C to + 125°C 


Storage Temperature 
- 65°C to + 150°C 


Voltage On Any Pin to Vss 
-0.5V 
to + 7.0V 


Power Dissipation(1) 
1.5W 


NOTE: 
1. Power dissipation is based on package heat transfer, not 
device power consumption. 


NOTICE: This data sheet contains 
preliminary infor- 


mation on new products in production. 
It is valid for 
the 
devices 
indicated 
in the 
revision 
history. 
The 
specifications 
are subject to change without notice. 


• WARNING: Stressing the device beyond the "Absolute 
Maximum 
Ratings" 
may 
cause 
permanent 
damage .. 


These are stress ratings 
only. Operation 
beyond 
the 
"Operating 
Conditions" 
is not recommended 
and ex- 
tended exposure 
beyond 
the 
"Operating 
Conditions" 


may affect device reliability. 


OPERATING 
CONDITIONS 
(All characteristics 
in this data sheet apply to these operating 
conditions 
unless otherwise 
noted.) 


Symbol 
Description 
Mln 
Max 
Units 


TA 
Ambient Temperature 
Under Bias Commercial 
Temp. 
0 
+70 
°C 


TA 
Ambient 
Temperature 
Under Bias Extended 
Temp. 
-40 
+85 
°C 


Vcc 
Digital Supply Voltage 
4.50 
5.50 
V 


VREF 
Analog Supply Voltage 
4.50 
5.50 
V 


Fosc 
Oscillator 
Frequency 
3.5 
12 
MHz 


NOTE: 
ANGND and Vss should be nominally at the same potential. 


Symbol 
Description 
Min 
Max 
Units 
Test Conditions 


VIL 
Input Low Voltage 
-0.5 
0.8 
V 


VIH 
Input High Voltage 
(Note 1) 
0.2Vcc 
+ 1.0 
Vcc 
+ 0.5 
V 


VIH1 
Input High Voltage on XTAL 1 
0.7VCC 
VCC + 0.5 
V 


VIH2 
Input High Voltage 
on RESET 
2.6 
Vcc 
+ 0.5 
V 


VOL 
Output Low Voltage 
0.3 
V 
IOL = 200 J-LA 
0.45 
V 
IOL = 32 mA 
1.5 
V 
IOL = 7 mA 


VOH 
Output High Voltage 
Vcc 
- 
0.3 
V 
IOH = - 200 J-LA 
(Standard 
Outputs) 
Vcc 
- 
0.7 
V 
IOH = -3.2 
mA 
Vcc 
- 
1.5 
V 
IOH = -7mA 


III 
Input Leakage Current (Std. Inputs) 
±10 
J-LA o < VIN < Vcc 
- 
0.3V 


ILl1 
Input Leakage Current (Port 0) 
+3 
J-LA 0< 
VIN < VREF 


IIL1 
Logical 0 Input Current in Reset (Note 2) 
-1.2 
mA 
VIN = 0.45 V 
(ALE, RD, WR, INST, P2.0) 


Hyst 
Hysteresis 
on RESET Pin 
300 
mV 


NOTE: 
1. All pins except RESET and XTAl1. 
2. Holding these pins below VIH in Reset may cause the part to enter test modes. 


Symbol 
Description 
Min 
Typ(6) 
Max 
Units 
Test Conditions 


Icc 
Active 
Mode 
Current 
in Reset 
40 
55 
mA 
XTAL1 
= 12 MHz 


IREF 
AID Converter 
Reference 
Current 
2 
5 
mA 
VCC = Vpp = VREF = 5.5V 


IIDLE 
Idle 
Mode 
Current 
10 
22 
mA 


ICCl 
Active 
Mode 
Current 
15 
22 
mA 
XTAL1 
= 3.5 
MHz 


IpD 
Powerdown 
Mode 
Current 
5 
50 
IJ-A 
VCC = Vpp = VREF = 5.5V 


RRST 
Reset 
Pullup 
Resistor 
6K 
65K 
n 


Cs 
Pin Capacitance 
(Any 
Pin to VSS) 
10 
pF 
FTEST = 1.0 MHz 


NOTES: 
(Notes 
apply to all specifications) 
1. Standard 
Outputs 
include 
ADO-15, 
RD, WR, ALE, 
INST, 
HSO pins, 
PWM/P2.5, 
RESET, 
Ports 
3 and 4, TXD/P2.0 
and 
RXD (in serial mode 
0). The VOH specification 
is not valid for RESET. 
Ports 3 and 4 are open-drain 
outputs. 
2. Standard 
Inputs 
include 
HSI pins, EA, READY, 
RXD/P2.1, 
EXTINT IP2.2, 
T2CLK/P2.3 
and T2RST IP2.4. 
3. Maximum 
current 
per pin must 
be externally 
limited 
to the following 
values 
if VOL is held above 
0.45V 
or VOH is held 
below 
Vee 
- 
O.lV: 
IOL on Output 
pins: 10 mA 
IOH on Standard 
Output 
pins: 10 mA 
4. Maximum 
current 
per bus pin (data and control) 
during 
normal 
operation 
is ± 3.2 mA. 
5. During 
normal 
(non-transient) 
conditions 
the following 
total current 
limits apply: 
HSO, P2.0, RXD, RESET 
IOL: 29 mA 
IOH: 26 mA 
P2.5, WR 
'OL: 13 mA 
IOH: 11 mA 
ADO-AD15 
IOL: 52 mA 
IOH: 52 mA 
RD, ALE, INST 
IOL: 13 mA 
IOH: 13 mA 
6. Typicals 
are based 
on a limited 
number 
of samples 
and are not guaranteed. 
The values 
listed 
are at room 
temperature 
and VREF = Vee = 5V. 


60 


Icc I.IAX 


50 


40 
Ice TYPICAL (6) 


Ice 
30 
mA 
'IOlE I.IAX 
20 


10 
10lE TYPICAL 


0 
41.1Hz 
81.1Hz 
121.1Hz 


FREQ 
270815-22 
Ice Max = 3.88 x FREQ + 8.43 
IIDLE Max = 1.65 
X FREQ + 2.2 


AC CHARACTERISTICS 
Test Conditions: 
Capacitive 
load on all pins = 100 pF, Rise and fall times = 10 ns, Fose 
= 12 MHz 


Symbol 
Description 
Min 
Max 
Units 
Notes 


TAVYV 
Address 
Valid to Ready Setup 
2 Tqse 
- 
85 
ns 


TLLYV 
ALE Low to READY Setup 
Tose 
- 
70 
ns 


TYLYH 
Non READY Time 
No upper limit 
ns 


TLLYX 
READY Hold after ALE Low 
Tose 
- 
15 
2 Tose 
- 
40 
ns 
(Note 1) 


TAVDV 
Address 
Valid to Input Data Valid 
3Tose-6O 
ns 
(Note 2) 


TRLDV 
RD Active to Input Data Valid 
Tose 
- 
23 
ns 
(Note 2) 


TRHDZ 
End of RD to Input Data Float 
Tose 
- 
20 
ns 


TRXDX 
Data Hold after RD Inactive 
0 
ns 


NOTES: 
1. If max is exceeded, 
additional 
wait states 
will occur. 


2. When 
using wait states, 
add 2 TOSC x n, where 
n = number 
of wait states. 


Symbol 
Description 
Min 
Max 
Units 
Notes 


FXTAL 
Frequency 
on XTAL1 
3.5 
12 
MHz 
(Note 1) 


Tose 
I/FxTAL 
83 
286 
ns 


TLHLH 
ALE Cycle Time 
4 Tose 
ns 
(Note 4) 


TLHLL 
ALE High Period 
Tose 
- 
10 
Tose+ 
10 
ns 


TAVLL 
Address 
Setup to ALE Falling Edge 
Tose 
- 
20 
ns 


TLLAX 
Address 
Hold after ALE Falling Edge 
Tose 
- 
40 
ns 


TLLRL 
ALE Falling Edge to RD Falling Edge 
Tose 
- 
30 
ns 


TRLRH 
RD Low Period 
Tose 
- 
5 
Tose 
+ 25 
ns 
(Note 4) 


TRHLH 
RD Rising Edge to ALE Rising Edge 
Tose 
Tose 
+ 25 
ns 
(Note 3) 


TRLAZ 
RD Low to Address 
Float 
10 
ns 


TLLWL 
ALE Falling Edge to WR Falling Edge 
Tose 
- 
10 
ns 


TQVWH 
Data Stable to WR Rising Edge 
Tose 
- 
23 
ns 
(Note 4) 


TWLWH 
WR Low Period 
Tose 
- 
30 
Tose 
+ 5 
ns 
(Note 4) 


TWHQX 
Data Hold after WR Rising Edge 
Tose 
- 
2.5 
ns 


TWHLH 
WR Rising Edge to ALE Rising Edge 
Tose 
- 
10 
Tose 
+ 
15 
ns 
(Note 3) 


TWHBX 
INST Hold after WR Rising Edge 
Tose 
- 
10 
ns 


TRHBX 
INST Hold after RD Rising Edge 
Tose 
- 
10 
ns 


TWHAX 
AD8-15 
Hold after WR Rising Edge 
Tose 
- 
50 
ns 


TRHAX 
AD8-15 
Hold after RD Rising Edge 
Tose 
- 
25 
ns 


NOTES: 
1. Testing 
performed 
at 3.5 MHz. However, 
the part is static 
by design 
and will typically 
operate 
below 
1 Hz. 
2. Typical 
specification, 
not guaranteed. 
3. Assuming 
back-to-back 
bus cycles. 
4. When 
using wait states, 
add 2 TOSC x n, where 
n = number 
of wait states. 


BUS --<-1-------- 


LTRHAX 
ITWHAX 


I 


~. 
TWlWH 
+ 
2 Tose 
--;, 


r--- 
TOVWH 
+ 
2 Tose 
~ 
---A-D-D-R-ES-S-OU-T----})« 
DATA OUT 
X 


_---------_ 
w'"I 
•• ------- 


Symbol 
Parameter 
Min 
Max 
Units 


1/TxLXL 
Oscillator 
Frequency 
3.5 
12.0 
MHz 


TXLXL 
Oscillator 
Period 
83 
286 
ns 


TXHXX 
High Time 
32 
ns 


TXLXX 
Low Time 
32 
ns 


TXLXH 
Rise Time 
10 
ns 


TXHXL 
Fall Time 
10 
ns 


An external 
oscillator 
may encounter 
as much as a 100 pF load at XTAL 1 when 
it starts-up. 
This is due to 
interaction 
between 
the amplifier 
and its feedback 
capacitance. 
Once the external 
signal 
meets the VIL and 
VIH specifications 
the capacitance 
will not exceed 
20 pF. 


Quartz 
Crystal 
or 
Ceramic 
Resonator 


270815-29 


NOTE: 
Keep 
oscillator 
components 
close 
to 
chip 
and 
use 
short, 
direct 
traces 
to XTAL1, XTAL2 and Vss. When 
using 
crystals, 
C1 = 20 pF and C2 = 20 pF. When 


using ceramic 
resonators, 
consult 
manufacturer 
for rec- 


ommended 
capacitor 
values. 


2.4 -V 
2.0> 
TEST POINTS<2.0>C 
~O~ 
O~. 
0.45 
----------- 


270815-26 


AC Testing 
inputs 
are driven 
at 2AV for a Logic "1" 
and OA5V for 
a Logic "0" 
Timing measurements 
are made at 2.QV for a Logic 


"1" 
and 0.8V for a Logic 
"0". 


VLOAO+0.15V 
VOH-0.15V 


VLOAO 
TIMING 
REfERENCE .........••.. 


--- 
POINTS 
---... 


VLOAO-0.15 
V 
VOL +0.15 
V 


270815-27 
For 
Timing 
Purposes 
a Port 
Pin is no 
Longer 
Floating 
when 
a 
150 mV change 
from 
Load 
Voltage 
Occurs 
and 
Begins 
to Float 
when 
a 150 mV change 
from lhe 
Loaded 
VOHIVOL 
Level 
occurs 
IOL/IOH = ± 15 mA. 


Each symbol is two pairs of letters prefixed by "T" for time. The characters 
in a pair indicate a signal and its 
condition, 
respectively. 
Symbols represent the time between the two signal/condition 
points. 


Conditions: 


H 
High 


L 
Low 


V 
Valid 


X 
No Longer Valid 


Z 
Floating 


Signals: 


A 
Address 


D 
DATA IN 


L 
ALE/ADV 


Q 
DATA OUT 


R 
RD 


W 
WR 


X 
XTAL1 


Y 
READY 


• 


Symbol 
Parameter 
Min 
Max 
Units 


TXLXL 
Serial Port Clock Period (BRR ~ 8002H) 
6 Tose 
ns 


TXLXH 
Serial Port Clock Falling Edge 
4Tose-5O 
4 Tose 
+ 50 
ns 
to Rising Edge (BRR ~ 8002H) 


TXLXL 
Serial Port Clock Period (BRR = 8001 H) 
4 Tose 
ns 


TXLXH 
Serial Port Clock Falling Edge 
2 Tose 
- 
50 
2 Tose 
+ 50 
ns 
to Rising Edge (BRR = 8001 H) 


TQVXH 
Output Data Setup to Clock Rising Edge 
2 Tose 
-50 
ns 


TXHQX 
Output Data Hold after Clock Rising Edge 
2 Tose 
-50 
ns 


TXHQV 
Next Output Data Valid after Clock Rising Edge 
2 Tose 
+50 
ns 


TOVXH 
Input Data Setup to Clock Rising Edge 
Tose 
+50 
ns 


TXHOX 
Input Data Hold after Clock Rising Edge 
0 
ns 


TXHQZ 
Last Clock Rising to Output Float 
1 Tose 
ns 


TXO---lI 


TQVXH-j r- 


RXO 
(OUT) 


The 
converter 
is 
ratiometric, 
so 
the 
absolute 


accuracy 
is directly 
dependent 
on the accuracy 
and 


stability of VREF. VREF must be close to Vcc 
since it 


supplies 
both the resistor 
ladder and the digital sec- 


tion of the converter. 


There are two modes of AID 
operation. 
with or with- 
out clock prescaler. 
The speed of the AID 
converter 
can be adjusted 
by setting 
a clock 
prescaler 
on or 
off. At high frequencies 
more time is needed 
for the 
comparator 
to settle. 
The maximum 
frequency 
with 


the clock 
prescaler 
disabled 
is 8 MHz. The conver- 
sion 
times 
with 
the 
prescaler 
turned 
on 
or off 
is 


shown 
in the table below. 


The 
80C194/83C194 
does 
not have 
an AID 
con- 


verter. 


See the MCS-96 AID 
Quick Reference 
for definition 


of AID 
terms. 


Clock Prescaler 
On 
Clock Prescaler 
Off 


IOC2.4 = 0 
IOC2.4 = 1 


158 States 
91 States 


26.33 /Ls @ 12 MHz 
22.75 /Ls 
@ 8 MHz 


Parameter 
Typical(1) 
Minimum 
Maximum 
Units' 
Notes 


Resolution 
512 
1024 
Levels 


9 
10 
Bits 


Absolute 
Error 
0 
±4 
LSBs 


Full Scale Error 
0.25 ±0.50 
LSBs 


Zero Offset Error 
-0.25 
±0.50 
LSBs 


Non-Linearity 
Error 
1.5 ±2.5 
0 
±4 
LSBs 


Differential 
Non-Linearity 
Error 
> -1 
+2 
LSBs 


Channel-to-Channel 
Matching 
±0.1 
0 
±1 
LSBs 


Repeatability 
±0.25 
LSBs 


Temperature 
Coefficients: 


Offset 
0.009 
LSBJOC 


Full Scale 
0.009 
LSBJOC 


Differential 
Non-Linearity 
0.009 
LSBJOC 


Off Isolation 
-60 
dB 
2,3 


Feedthrough 
-60 
dB 
2 


Vcc 
Power Supply Rejection 
-60 
dB 
2 


Input Series Resistance 
1K 
5K 
n 


DC Input Leakage 
0 
3.0 
/LA 
4 


Sample Time: Prescaler 
On 
15 
States 
Prescaler 
Off 
8 
States 


Sampling 
Capacitor 
3 
pF 


NOTES: 
'An 
"LSB", 
as used here, has a value 01 approximately 
5 mV. 


1. Typical 
values 
are expected 
lor most devices 
at 25'C 
but are not tested 
or guaranteed. 


2. DC to 100 KHz. 
3. Multiplexer 
Break-Belore-Make 
Guaranteed. 


4. Resistance 
Irom device 
pin, through 
internal 
MUX, to sample 
capacitor. 


• 


intel~ 


Symbol 
Description 
Min 
Max 
Units 


RESET Hysteresis 
Hysteresis 
on RESET Pin 
TBD 
mV 


IPD 
Powerdown 
Mode Current 
TBD 
mA 


TLLYV 
ALE Low to READY Setup 
Tose 
- 
65 
ns 


TAVDV 
Address 
Valid to Input Data Valid 
3 Tose 
- 
60 
ns 


TRLDV 
RD Low to Input Data Valid 
Tose 
- 
25 
ns 


TLHLL 
ALE High Period 
Tose 
- 
12 
Tose 
+ 
12 
ns 


TRHAX 
AD8-15 
Hold after RD Rising 
Tose 
- 
50 
ns 


AID Absolute 
Error 
Absolute 
Error 
+6 
LSBs 


1. The DJNZW 
instruction 
is not guaranteed 
to be 
functional. 
The 
instruction, 
if encountered, 
will 
not 
cause 
an unimplemented 
opcode 
interrupt. 


(The opcode 
for DJNZW 
is OE1 Hex.) The DJNZ 
(byte) 
instruction 
works 
correctly 
and should 
be 
used instead. 


2. The HSI unit has two errata: one dealing with res- 
olution 
and 
the 
other 
with 
first 
entries 
into the 
FIFO. 


The HSI resolution 
is 9 states instead of 8 states. 
Events on the same line may be lost if they occur 
faster than once every 9 state times. 


There 
is a mismatch 
between 
the 9 state 
time 
HSI resolution 
and the 8 state 
time timer. 
This 
causes one time value to be unused every 9 timer 
counts. 
Events may receive a time-tag 
one count 
later 
than 
expected 
because 
of this 
"skipped" 
time value. 


If the first two 
events 
into an empty 
FIFO 
(not 
including 
the 
Holding 
Register) 
occurs 
within 
9 
states after the first, its time-tag 
is one count later 
than the first's. 
If this is the "skipped" 
time value, 
the second event's 
time-tag 
is 2 counts 
later than 
the first's. 


If the FIFO and Holding 
Register 
are empty, 
the 
first event 
will transfer 
into the Holding 
Register 
after 8 state times, leaving the F:IFO empty again. 
If the second 
event 
occurs 
after this time, it will 
act as a new first event into an empty 
FIFO. 


3. The serial port Framing 
Error flag fails to indicate 
an error 
if the bit preceding 
the stop 
bit is a 1. 


This is the case in both the 8-bit and 9-bit modes. 
False framing 
errors are never generated. 


4. The serial port RI flag is not generated 
after the 
first byte is received. 
The problem 
does not occur 
if the baud rate is reloaded 
after each reception. 


5. If the unsigned 
divide instruction 
(byte or word) is 
the 
last 
instruction 
in the 
queue 
as 
HOLD 
or 
READY 
is asserted, 
the result may be incorrect. 


This 
data 
sheet 
(270815-003) 
is valid 
for devices 
marked with a "8" 
at the end of the top side tracking 
number. 
Data 
sheets 
are changed 
as new 
device 


information 
becomes 
available. 
Verify with your local 
Intel 
sales 
office 
that 
you 
have 
the 
latest 
version 
before finalizing 
a design or ordering 
devices. 


The 
following 
differences 
exist 
between 
this 
data 
sheet and the previous 
version 
(-002). 


1. The Express 
(extended 
temperature 
and extend- 
ed 
burn-in) 
devices 
were 
added 
to 
this 
data 
sheet. 


2. Changes 
were 
made 
to the format 
of the 
data 
sheet and the SFR descriptions 
were removed. 


3. Four 
errata 
were 
added: 
the 
CDE 
pin, the 
HSI 
resolution, 
the serial 
port framing 
error flag, the 
serial port RI flag and the DIVIDE during HOLDI 
READY. 


4. One specification 
for the extended 
temperature 
and extended 
burn-in devices was changed: 
VIH2 
Min was changed 
from 2.4V to 2.6V. 


Differences 
between 
-002 
and the -001 version 
of 
the 80C198 
data sheet. 


1. VSS pin description 
was altered to reflect the cor- 
rect number 
of pins. 


t:.. 
VIH2 'VI'" 
WCl:5 l:flangeo 
Trom z.zv 
to Z.bV. 


3. Max Ipo was added 
and the Ipo note was delet- 


ed. 


For more 
detailed 
information 
on the 80C 198, re- 
fer to the BOC196KBUser's Guide, order 
number 
270651. 
The BOC196KB User's Guide applies 
to 
the 80C198 
except 
for the design 
considerations 
listed 
above. 
Because 
the 
80C198 
is a reduced 
pin count 
version, 
some 
80C196KB 
features 
are 
not available 
and are listed 
here: 


1. PORT 1. PORT1 is a quasi-bidirectional 
port. 


A. 
HOLD/HLDA. 
This feature 
is multiplexed 
on 
PORT1.5-.7 
and is not available. 


2. The AID 
converter 
loses 
four of its input chan- 
nels, ACHO-3. 


3. T2CAPTURE 
(P2.7) 
Timer2 
Capture 
feature 
is 
not available. 


4. T2UP/DN 
(P2.6) The Timer2 
UP/DOWN 
feature 
is not available. 


5. CLKOUT 


6. 
NMI 


7. 8USWIDTH 


8. 
8HE 


9. PACT 


• 


8XC196KB/8XC196KB16 
COMMERCIAL/EXPRESS 
CHMOS MICROCONTROLLER 


• 
8 Kbytes 
of On-Chip 
ROM/OTP 
• Dynamically 
Configurable 
8·Bit or 
Available 
16-Bit Buswidth 
• 232 Byte Register 
File 
• Full Duplex Serial Port 
• Register·to-Register 
Architecture 
• High Speed 
I/O Subsystem 
• 28 Interrupt 
Sources/16 
Vectors 
• 16·Bit Timer 
• 1.75 /Ls 16 x 16 Multiply (16 MHz) 
• 16-Bit Up/Down 
Counter 
with Capture 
• 3.0 /Ls 32/16 
Divide (16 MHz) 
• Pulse-Width-Modulated 
Output 
• Powerdown 
and Idle Modes 
• Four 16·Bit Software 
Timers 
• Five 8·Bit I/O Ports 
• 10·Bit A/D 
Converter 
with Sample/Hold 
• 16·Bit Watchdog 
Timer 
• HOLD/HLDA 
Bus Protocol 
• 12 MHz and 16 MHz Available 
• Extended 
Temperature 
Available 
• Dedicated 
15·Bit Baud Rate Generator 


The 8XC196KB 
is a 16-bit microcontroller 
available 
in three different 
memory varieties: 
ROMless 
(80C196KB), 


8K ROM (83C196KB) 
and 8K OTP (One Time Programmable-87C196KB). 
The 8XC196KB 
is a high perform- 
ance 
member 
of the MCS@ -96 microcontrolier 
family. 
The 8XC196KB 
has the same peripheral 
set as the 
8096BH 
and has a true superset 
of the 8096BH 
instructions. 
Intel's CHMOS 
process 
provides 
a high perform- 
ance processor 
along with low power consumption. 
To further 
reduce power requirements. 
the processor 
can 
be placed 
into Idle or Powerdown 
Mode. 


Bit, byte, word and some 32-bit operations 
are available 
on the 80C196KB. 
With a 16 MHz oscillator 
a 16-bit 


addition 
takes 0.50 /Ls, a~d the instruction 
times average 
0.37 /Ls to 1.1 /Ls in typical 
applications. 


Four high-speed 
capture 
inputs are provided 
to record 
times when events 
occur. 
Six high-speed 
outputs 
are 
available 
for pulse or waveform 
generation. 
The high-speed 
output can also generate 
four software 
timers 
or 
start an AID 
conversion. 
Events can be based on the timer or upldown 
counter. 
Also provided 
on-chip 
are an 
AID 
converter, 
serial port, watchdog 
timer and a pulse-width-modulated 
output 
signal. 


The 8XC196KB 
has a maximum 
guaranteed 
frequency 
of 12 MHz. The 8XC196KB16 
has a maximum 
guaran- 


teed frequency 
of 16 MHz. All references 
to the 80C196KB 
also refer to the 80C196KB16; 
83C196KB, 
Rxxx; 


87C196KB 
and 87C196KB 16 unless otherwise 
noted. The ROM device does not have a speed indicator 
at the 
end of the device 
name. Instead 
it has a ROM code number. 


With the commercial 
(standard) 
temperature 
option, 
operational 
characteristics 
are guaranteed 
over the tem- 


perature 
range of O°C to + 70°C. With the extended 
temperature 
range option, 
operational 
characteristics 
are 
guaranteed 
over the temperature 
range of - 40°C to + 85°C. 


Package 
Designators: 
N = 68-pin PLCC, S = 80-pin QFP (commercial 
only). Prefix Designators: 
T = Extend- 
ed Temperature. 


OPTIONAL 
8 KBYlE 


ON-CHIP 


RO~/OTP 


BAUD 


RATE 
GEN 


• 


This device 
is manufactured 
on P629.0 and 629.1, a 
CHMOS 
IIt-E process. 
Additional 
process 
and reli- 
ability information 
is available 
in Intel's Components 
Qua/ity and Reliability Handbook, Order 
Number 
210997. 


~ 


x~c-L 


1 
~§!S~ 
l2"",;"s,.••, 


No Nark: 
12hlHz 


16 = 16 
MHz 


KB Product 
family 


CHIolOS 
Technology 


Program 
Memory 
Options: 
7:: 
EPAOIol(Hate 
1) 
:3 = ROt.i 


0= 
R0lro411ss 
'----------Paeko!le 
Typtl Options: 
H= 54-lead 
PlCC 
5 = 50-llad 
QFP 


EXAMPLE: 
N87C196KB16 
is 
68-Lead 
PLCC 
OTPROM, 
16 MHz. 


For 
complete 
package 
dimensional 
data, 
refer 
to the 
Intel Packaging 
Handbook 
(Order 
Number 
240800). 


NOTE: 
1. EPROMs 
are available 
as One Time 
Programmable 
(OTPROM) 
only. 


Figure 2. The 8XC196KB Nomenclature 


Package 
8ja 
8jc 
Type 


PLCC 
35°C/W 
13°C/W 


QFP 
70°C/W 
4°C/W 


All 
thermal 
impedance 
data 
is approximate 
for 
static 
air 
conditions 
at 1W of power 
dissipation. 
Values 
will change 
depending 
on 
operation 
conditions 
and 
application. 
See 
the Intel Packaging 
Handbook 
(order 
number 
240800) 
for a 
description 
of Intel's 
thermal 
impedance 
test methodology. 


Description 
Address 


External 
Memory or I/O 
OFFFFH 
04000H 


Internal ROM/EPROM 
or External 
3FFFH 
Memory (Determined 
by EA) 
2080H 


Reserved. 
Must contain 
FFH. 
207FH 
(Note 5) 
2040H 


Upper Interrupt Vectors 
203FH 
2030H 


ROM/EPROM 
Security 
Key 
202FH 
2020H 


Reserved. 
Must contain 
FFH. 
201FH 
(Note 5) 
201AH 


Reserved. 
Must Contain 20H 
2019H 
(Note 5) 


CCB 
2018H 


Reserved. 
Must contain 
FFH. 
2017H 


(Note 5) 
2014H 


Lower Interrupt Vectors 
2013H 
2000H 


Port 3 and Port 4 
1FFFH 
Word Addressable 
Only 
1FFEH 


External Memory 
1FFDH 
0100H 


232 Bytes Register 
RAM (Note 1) 
OOFFH 
0018H 


CPU SFR's (Notes 1,3) 
0017H 
OOOOH 


NOTES: 
1. Code 
executed 
in locations 
OOOOH to 
OOFFH will 
be 


forced 
ex1ernal. 


2. Reserved 
memory 
locations 
must 
contain 
OFFH unless 


noted. 
3. Reserved 
SFR bit locations 
must contain 
O. 


4. Refer 
to 
8XC196KB 
quick 
reference 
for 
SFR 
descrip- 


tions. 
5. WARNING: 
Reserved 
memory 
locations 
must 
not 
be 


written 
or read. 
The contents 
and/or 
function 
of these 
lo- 


cations 
may 
change 
with 
future 
revisions 
of 
the 
device. 


Therefore. 
a program 
that 
relies 
on one 
or more 
of these 


locations 
may not function 
properly. 
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NOTE: 
The above 
pin out diagram 
applies 
to the OTP (87C196KB) 
device. 
The OTP device 
uses all of the programming 
pins shown 
• 
above. 
The 
ROM 
(83C196KB) 
device 
only 
uses 
programming 
pins: 
AINC. 
PALE. 
PMODE.n. 
and 
PROG. 
The 
ROMless 
I' 


(80C196KB) 
doesn't 
use any of the programming 
pins. 
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NOTE: 
N.C. means 
No Connect 
(do not connect 
these 
pins). 


P2.3/T2CLK 


VSS 
READY 


P2.4/T2RST 
/ AINC 


8HE/iVRH 


W'R/WRL 


P2.S/PWlo4 


P2. 7/T2CAPTURE/PACT 


vpp 


VSS 


VSS 
HSO.3 


vee 
vss 
HSO.2 


P2.6/T2UP-DN 


P1.7/HODi 


P1.6/HLDA 


P1.S(BilEQ 


HSO.l 


HSO.O 


HSO.S/HSI.3/SID.3 


vss 
HSO.4/HSI.2/SID.2 


NOTE: 
The above 
pin out diagram 
applies 
to the OTP (87C196KB) 
device. 
The OTP device 
uses all of the programming 
pins shown 
above. 
The 
ROM 
(83C196KB) 
device 
only 
uses 
programming 
pins: 
AINC, 
PALE, 
PMOOE.n, 
and 
PROG. 
The 
ROM less 
(80C196KB) 
doesn't 
use any of the programming 
pins. 


Symbol 
Name and Function 


Vcc 
Main supply voltage 
(5V). 


Vss 
Digital circuit ground (OV). There are multiple Vss pins, all of them must be connected. 


VREF 
Reference 
voltage for the AID 
converter 
(5V). VREF is also the supply voltage to the analog 
portion of the AID converter 
and the logic used to read Port O. Must be connected 
for AID 
and Port 0 to function. 


ANGND 
Reference 
ground for the AID 
converter. 
Must be held at nominally 
the same potential 
as 
Vss. Connect 
Vss and ANGND at chip to avoid noise problems. 


Vpp 
Programming 
voltage. 
Also timing pin for the return from power down circuit. 


XTAL1 
Input of the oscillator 
inverter and of the internal clock generator. 


XTAL2 
Output of the oscillator 
inverter. 


CLKOUT 
Output of the internal clock generator. 
The frequency 
of CLKOUT 
is % the oscillator 


frequency. 
It has a 50% duty cycle. 


RESET 
Reset input to and open-drain 
output from the chip. Input low for at least 4 state times to reset 
the chip. The subsequent 
low-to-high 
transition 
re-synchronizes 
CLKOUT 
and commences 
a 
10-state-time 
RESET sequence. 


BUSWIDTH 
Input for buswidth 
selection. 
If CCR bit 1 is a one, this pin selects the bus width for the bus 
cycle in progress. 
If BUSWIDTH 
is a 1, a 16-bit bus cycle occurs. 
If BUSWIDTH 
is a 0 an 8-bit 
cycle occurs. 
If CCR bit 1 is a 0, the bus is always an 8-bit bus. 


NMI 
A positive transition 
causes a vector through 203EH. 


INST 
Output high during an external 
memory read indicates 
the read is an instruction 
fetch and 
output low indicates 
a data fetch. INST is valid throughout 
the bus cycle. INST is activated 
only during external 
memory accesses. 


EA 
Input for memory select (External Access). 
EA equal to a TIL-high 
causes memory accesses 
to locations 
2000H through 
3FFFH to be directed 
to on-chip 
ROM/OTPROM. 
EA equal to a 
TTL-Iow causes accesses 
to these locations 
to be directed 
to off-chip 
memory. 


ALE/ADV 
Address 
Latch Enable or Address 
Valid output, as selected 
by CCR. Both pin options 
provide 
a latch to demultiplex 
the address from the address/data 
bus. When the pin is ADV, it goes 
inactive 
high at the end of the bus cycle. ALEI ADV is activated 
only during external 
memory 
accesses. 


RD 
Read signal output to external 
memory. 
RD is activated 
only during external 
memory 
reads. 


WR/WRL 
Write and Write Low output to external 
memory, as selected 
by the CCR. WR will go low for 
every external write, while WRL will go low only for external writes where an even byte is 
being written. WR/WRL 
is activated 
only during external 
memory writes . 


BHE/WRH 
Bus High Enable or Write High output to external 
memory, as selected 
by the CCR. BHE will 
go low for external writes to the high byte of the data bus. WRH will go low for external 
writes 
where an odd byte is being addressed. 
BHE/WRH 
is activated 
only during external 
memory 
writes. 


READY 
Ready input to lengthen 
external 
memory cycles. If the pin is low prior to the falling edge of 
CLKOUT, 
the memory controller 
goes into a wait mode until the next positive transition 
in 
CLKOUT 
occurs with READY high. When the external 
memory is not being used, READY has 
no effect. 
Internal control 
of the number of wait states inserted 
into a bus cycle (held not 
ready) is available 
in the CCR. 


HSI 
Inputs to High Speed Input Unit. Four HSI pins are available: 
HSI.O, HSI.1, HSI.2 and HSI.3. 


Two of them (HSI.2 and HSI.3) are shared with the HSO Unit. 


HSO 
Outputs from High Speed Output Unit. Six HSO pins are available: 
HSO.O, HSO.1 , HSO.2, 


HSO.3, HSOA 
and HSO.5. Two of them (HSOA 
and HSO.5) are shared with the HSI Unit. 


• 


Symbol 
Name and Function 


Port 0 
8-bit high impedance 
input-only 
port. Three pins can be used as digital inputs and/or 
as 
analog inputs to the on-chip 
A/D converter 


Port 1 
8-bit quasi-bidirectional 
I/O port. These pins are shared with HOLD, HLDA and BREQ. 


Port 2 
8-bit multi-functional 
port. All of its pins are shared with other functions 
in the 87C196KB. 
Pins P2.6 and P2.7 are quasi-bidirectional. 


Ports 3 and 4 
8-bit bidirectional 
110 ports with open drain outputs. These pins are shared with the 
multiplexed 
address/data 
bus, which has strong internal 
pullups. 


HOLD 
Bus Hold input requesting 
control 
of the bus. Enabled by setting WSR.7. 


HLDA 
Bus Hold acknowledge 
output indicating 
release of the bus. Enabled by setting WSR.7. 


BREQ 
Bus Request 
output activated 
when the bus controller 
has a pending external 
memory 
cycle. Enabled by setting WSR.7. 


TxD 
The TxD pin is used for serial port transmission 
in Modes 1, 2 and 3. In Mode 0 the pin is 
used as the serial clock output. 


RxD 
Serial Port Receive 
pin used for serial port reception. 
In Mode 0 the pin functions 
as input or 
output data. 


EXTINT 
A rising edge on the EXTINT pin will generate 
an external 
interrupt. 


T2CLK 
The T2CLK pin is the Timer2 clock input or the senal port baud rate generator 
input. 


T2RST 
A rising edge on the T2RST pin will reset Timer2. 


PWM 
The pulse width modulator 
output. 


T2UP-DN 
The T2UPDN 
pin controls 
the direction 
of Timer2 as an up or down counter 


T2CAPTURE 
A rising edge on P2.7 will capture the value of Timer2 in the T2CAPTURE 
register 


PMODE 
Programming 
Mode Select. Determines 
the EPROM programming 
algorithm 
that 
IS 
performed. 
PMODE is sampled 
after a chip reset and should be static while the part is 
operating. 


SID 
Slave ID Number. Used to assign each slave a pin of Port 3 or 4 to use for passing 
programming 
verification 
acknowledgement. 


PALE 
Programming 
ALE Input. Accepted 
by the 87C196KB 
when it is in Slave Programming 
Mode. Used to indicate that Ports 3 and 4 contain a command/address. 


PROG 
Programming. 
Falling edge indicates 
valid data on PBUS and the beginning 
of 
programming. 
Rising edge indicates 
end of programming. 


PACT 
Programming 
Active. 
Used in the Auto Programming 
Mode to indicate 
when programming 
activity is complete. 


PVAL 
Program Valid. This signal indicates 
the success 
or failure of programming 
In the Auto 
Programming 
Mode. A zero indicates 
successful 
programming. 


PVER 
Program Verification. 
Used in Slave Programming 
and Auto CLB Programming 
Modes. 


Signal is low after rising edge of PROG if the programming 
was not successful. 


AINC 
Auto Increment. 
Active low signal indicates 
that the auto increment 
mode is enabled. 
Auto 
Increment 
will allow reading or writing of sequential 
EPROM locations 
without 
address 
transactions 
across the PBUS for each read or write. 


Ports 3 
Address/Command/Data 
Bus. Used to pass commands, 
addresses, 
and data to and from 
and 4 
slave mode 87C196KBs. 
Used by chips in Auto Programming 
Mode to pass command, 


(Programming 
addresses 
and data to slaves. Also used in the Auto Programming 
Mode as a regular 


Mode) 
system bus to access external 
memory. Should have pullups to Vcc when used in slave 
programming 
mode. 


ELECTRICAL 
CHARACTERISTICS 
ABSOLUTE 
MAXIMUM 
RATINGS· 


NOTICE: This data sheet contains 
preliminary infor- 
mation on new products in production. The specifica- 
tions are subject to change without notice. Verify with 
your local Intel Sales office that you have the latest 
data sheet before finalizing a design. 


• WARNING: Stressing the device beyond the "Absolute 
Msximum 
Ratings" 
may 
cause 
permanent 
damage. 


These are stress ratings 
only. Operation 
beyond 
the 


"Operating 
Conditions" 
is not recommended 
and ex- 


tended 
exposure 
beyond 
the 
"Operating 
Conditions" 


may affect device reliability. 


Ambient 
Temperature 
Under Bias 
- 55°C to + 125°C 


Storage Temperature 
- 65°C to + 150°C 


Voltage 
On Any Pin to Vss 
-0.5V 
to + 7.0V 


Power Dissipation(1) 
1.5W 


NOTE: 
1. Power dissipation is based on package heat transfer lim- 
itations, not device power consumption. 


Symbol 
Description 
Mln 
Max 
Units 


TA 
Ambient 
Temperature 
Under Bias 
0 
+70 
°C 


Vcc 
Digital Supply Voltage 
4.50 
5.50 
V 


VREF 
Analog Supply Voltage 
4.50 
5.50 
V 


Fosc 
Oscillator 
Frequency 
12 MHz 
3.5 
12 
MHz 


Fosc 
Oscillator 
Frequency 
16 MHz 
3.5 
16 
MHz 


NOTE: 
ANGND and Vss should be nominally at the same potential. 


Symbol 
Description 
Mln 
Max 
Units 
Test Conditions 


VIL 
Input Low Voltage 
-0.5 
0.8 
V 


VIH 
Input High Voltage 
(All Pins except 
0.2Vcc 
+ 0.9 
Vcc 
+ 0.5 
V 
XTAL 1 and RESET) 


VIH1 
Input High Voltage 
on XTAL 1 
0.7 Vcc 
Vcc 
+ 0.5 
V 


VIH2 
Input High Voltage 
on RESET 
2.6 
VCC + 0.5 
V 


VOL 
Output Low Voltage 
0.3 
V 
IOL = 200 IJ-A 
0.45 
V 
IOL = 3.2mA 
1.5 
V 
IOL = 7 mA 


VOH 
Output 
High Voltage 
Vcc 
- 
0.3 
V 
IOH = -200 
IJ-A 
(Standard 
Outputs)(2) 
Vcc 
- 
0.7 
V 
IOH = -3.2mA 
Vcc 
- 
1.5 
V 
IOH = -7 
mA 


VOH1 
Output 
High Voltage 
Vcc 
- 
0.3 
V 
IOH = -10 
IJ-A 
(Quasi-bidirectional 
Outputs)(1) 
VCC - 
0.7 
V 
IOH = -30 
IJ-A 
Vcc 
- 
1.5 
V 
IOH = -60 
IJ-A 


III 
Input Leakage Current 
±10 
IJ-A 
0< 
VIN < Vcc 
- 
0.3V 
(Std. Inputs)(3) 


ILl1 
Input Leakage Current (Port 0) 
+3 
IJ-A 
0< 
VIN < VREF 


ITL 
1 to 0 Transition 
Current 
-800 
IJ-A 
VIN = 2.0V 
(QBD Pins)(1) 


IlL 
Logical 0 Input Current (QBD Pins)(1) 
-50 
IJ-A 
VIN = 0.45V • 


Symbol 
Description 
Min 
Typ(7) 
Max 
Units 
Test Conditions 


1111 
Logic~lnput 
Current in Reset 
-850 
IJ-A 
VIN = 0.45V 
SHE, WR, P2.0 


11L2 
Logic~ 
Input Current in Reset 
-7 
mA 
VIN = 0.45V 
ALE, RD, INST 


IIH1 
Logical 
1 Input Current 
100 
IJ-A 
VIN = 2.0V 
on NMI Pin 


Hyst. 
Hysteresis 
on RESET Pin 
300 
mV 


Icc 
Active 
Mode Current in Reset 
50 
60 
mA 
XTAL1 = 16 MHz 


IREF 
AID 
Converter 
Reference 
Current 
2 
5 
mA 
Vcc = Vpp = VREF = 5.5V 


IIDLE 
Idle Mode Current 
10 
25 
mA 


ICC1 
Active Mode Current 
15 
25 
mA 
XTAL1 = 3.5 MHz 


IpD 
Powerdown 
Mode Current 
5 
30 
IJ-A 
Vcc = Vpp = VREF = 5.5V 


RRST 
Reset Pullup Resistor 
6K 
50K 
n 


Cs 
Pin Capacitance 
(Any Pin to VSS) 
10 
pF 
FTEST = 1.0 MHz 


NOTES: 
(Notes apply to all specifications) 
1. QSD (Quasi-bidirectional) pins include Port 1, P2.6 and P2.7. 
2. Standard Outputs include ADO-15, RD, WR, ALE, SHE, INST, HSO pins, PWM/P2.5, CLKOUT, RESET, Ports 3 and 4, 
TXD/P2.0 
and RXD (in serial mode 0). The VOHspecification is not valid for RESET. Ports 3 and 4 are open-drain outputs. 


3. Standard Inputs include HSI pins, EA, READY, SUSWIDTH, NMI, RXD/P2.1, EXTINT/P2.2, T2CLK/P2.3 and T2RSTI 
P2.4. 
4. Maximum current per pin must be externally limited to the following values if VOL is held above 0.45V or VOH is held 
below Vee - 
0.7V: 


IOLon Output pins: 10 mA 
IOHon quasi-bidirectional pins: self limiting 
IOHon Standard Output pins: 10 mA 
5. Maximum current per bus pin (data and control) during normal operation is ±3.2 mA. 
6. During normal (non-transient) conditions the following total current limits apply: 
Port 1, P2.6 
IOL:29 mA 
IOHis self limiting 
HSO, P2.0, RXD, RESET 
IOL:29 mA 
IOH:26 mA 
P2.5, P2.7, WR, SHE 
IOL:13 mA 
IOH:11 mA 
ADO-AD15 
. 
IOL:52 mA 
IOH:52 mA 
RD, ALE, INST-CLKOUT 
IOL:13 mA 
10H:13 mA 
7. Typicals are based on a limited number of samples and are not guaranteed. The values listed are at room temperature 
and VREF = Vee = 5V. 
• 


Ice Max = 3.88 x FREQ + 8.43 
IIDLEMax = 1.65 x FREQ + 2.2 


AC CHARACTERISTICS 
Test Conditions: 
Capacitive 
load on all pins = 100 pF, Rise and fall times 
= 10 ns, FOSC = 12/16 
MHz 


Symbol 
Description 
Mln 
Max 
Units 
Notes 


TAVYV 
Address 
Valid to READY Setup 
2 Tosc 
- 
75 
ns 


TYLYH 
NonREADY 
Time 
No upper limit 
ns 


TCLYX 
READY Hold after CLKOUT 
Low 
0 
Tosc 
- 
30 
ns 
(Note 1) 


TLLYX 
READY Hold after ALE Low 
Tosc 
- 
15 
2 Tosc 
- 
40 
ns 
(Note 1) 


TAVGV 
Address Valid to Buswidth 
Setup 
2 Tosc 
- 
75 
ns 


TCLGX 
Buswidth 
Hold after CLKOUT 
Low 
0 
ns 


TAVDV 
Address 
Valid to Input Data Valid 
3 TOSC - 
55 
ns 
(Note 2) 


TRLDV 
RD Active to Input Data Valid 
Tosc 
- 
23 
ns 
(Note 2) 


TCLDV 
CLKOUT 
Low to Input Data Valid 
Tosc 
- 
50 
ns 


TRHDZ 
End of RD to Input Data Float 
Tosc 
- 
20 
ns 


TRXDX 
Data Hold after RD Inactive 
0 
ns 


NOTES: 
1. If max is exceeded, additional wait states will occur. 
2. When using wait states, add 2 Tosc x n where n = number of wait states. 


• 


AC CHARACTERISTICS 
(Continued) 
Test Conditions: 
Capacitive 
load on all pins = 100 pF, Rise and fall limes = 10 ns, Fosc 
= 12/16 
MHz 


Symbol 
Description 
Min 
Max 
Units 
Notes 


FXTAL 
Frequency 
on XTAL 1 12 MHz 
3.5 
12.0 
MHz 
(Note 2) 


FXTAL 
Frequency 
on XTAL 1 16 MHz 
3.5 
16.0 
MHz 
(Note 2) 


TOSC 
1/FXTAL 12 MHz 
83.3 
286 
ns 


TOSC 
1/FXTAL 16 MHz 
62.5 
286 
ns 


TXHCH 
XT AL 1 High to CLKOUT 
High or Low 
+20 
+ 110 
ns 


TCLCL 
CLKOUT 
Cycle Time 
2 Tosc 
ns 


TCHCL 
CLKOUT 
High Period 
Tosc 
- 
10 
Tosc+10 
ns 


TCLLH 
CLKOUT 
Falling Edge to ALE Rising 
-10 
+10 
ns 


TLLCH 
ALE Falling Edge to CLKOUT 
Rising 
-15 
+15 
ns 


TLHLH 
ALE Cycle Time 
4 ToSC 
ns 
(Note 3) 


TLHLL 
ALE High Period 
Tosc 
- 
10 
Tosc+10 
ns 


TAVLL 
Address 
Setup to ALE Falling Edge 
Tosc 
- 
20 
ns 


TLLAX 
Address 
Hold after ALE Falling Edge 
Tosc 
- 
40 
ns 


TLLRL 
ALE Falling Edge to RD Falling Edge 
Tosc 
- 
35 
ns 


TRLCL 
RD Low to CLKOUT 
Falling Edge 
+4 
+25 
ns 


TRLRH 
RD Low Period 
Tosc-5 
Tosc 
+ 25 
ns 
(Note 3) 


TRHLH 
RD Rising Edge to ALE Rising Edge 
TOSC 
TOSC + 25 
ns 
(Note 1) 


TRLAZ 
RD Low to Address 
Float 
+5 
ns 


TLLWL 
ALE Falling Edge to WR Falling Edge 
Tosc 
- 
10 
ns 


TCLWL 
CLKOUT 
Low to WR Falling Edge 
0 
+25 
ns 


TQVWH 
Data Stable to WR Rising Edge 
Tosc 
- 
23 
ns 
(Note 3) 


TCHWH 
CLKOUT 
High to WR Rising Edge 
-5 
+15 
ns 


TWLWH 
WR Low Period 
Tosc 
- 
15 
Tosc 
+ 5 
ns 
(Note 3) 


TWHQX 
Data Hold after WR Rising Edge 
Tosc 
- 
15 
ns 


TWHLH 
WR Rising Edge to ALE Rising Edge 
Tosc 
- 
15 
Tosc 
+ 
10 
ns 
(Note 1) 


TWHBX 
SHE, INST HOLD after WR Rising Edge 
Tosc 
- 
15 
ns 


TRHBX 
SHE, INST HOLD after RD Rising Edge 
Tosc 
- 
10 
ns 


TWHAX 
AD8-15 
hold after WR Rising Edge 
Tosc 
- 
30 
ns 


TRHAX 
AD8-15 
hold after RD Rising Edge 
Tosc 
- 
25 
ns 


NOTES: 
1. Assuming 
back-lo-back 
bus cycles. 


2. Testing 
performed 
at 3.5 MHz, however, 
the device 
is static 
by design 
and will typically 
operate 
below 
1 Hz. 


3. When 
using wait states, 
all 2 TOSC+ n where 
n = number 
of wait states. 


BUS 
--{ -1-- 


DATA 
OUT 
~ 
••~ __ 
A_DD_R_E_SS 
_ 


LTRHBX 


iTwHBX 
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~ 
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--------~================================ 
I--- TAVGV -----l 
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Symbol 
Description 
Min 
Max 
Units 
Notes 


THVCH 
HOLD Setup 
55 
ns 
(Note 1) 


TCLHAL 
CLKOUT 
Low to HLDA Low 
15 
ns 


TCLBRL 
CLKOUT 
Low to SREQ Low - 
15 
ns 


THALAZ 
HLDA Low to Address 
Float 
10 
ns 


THALBZ 
HLDA Low to SHE, INST, RD, WR Float 
10 
ns 


TCLHAH 
CLKOUT Low to HLDA High 
-15 
15 
ns 


TCLBRH 
CLKOUT 
Low to SREQ High 
-15 
15 
ns 


THAHAX 
HLDA High to Address 
No Longer Float 
-15 
ns 


THAHAV 
HLDA High to Address 
Valid 
0 
ns 


THAHBX 
HLDA High to SHE, INST, RD, WR No Longer Float 
-20 
ns 


THAHBV 
HLDA High to SHE, INST, RD, WR Valid 
0 
ns 


TCLLH 
CLKOUT 
Low to ALE High 
-5 
15 
ns 


NOTE: 
1. To guarantee 
recognition 
at next clock. 


Bus Cycle Type 
Latency 


Internal Access 
1.5 States 


16-Sit External Execution 
2.5 States 


8-Sit External 
4.5 States 


II 


BUS -<.. 
_ 


ALE 
~ 
•••I-----\ ... 
I---T-CL-LH-)h------- 


Symbol 
Parameter 
Mln 
Max 
Units 


1/TxLXL 
Oscillator 
Frequency 
12 MHz 
3.5 
12.0 
MHz 


1/TxLXL 
Oscillator 
Frequency 
16 MHz 
3.5 
16 
MHz 


TXLXL 
Oscillator 
Period 12 MHz 
83.3 
286 
ns 


TXLXL 
Oscillator 
Period 16 MHz 
62.5 
286 
ns 


TXHXX 
High Time 
21.25 
ns 


TXLXX 
Low Time 
21.25 
ns 


TXLXH 
Rise Time 
10 
ns 


TXHXL 
Fall Time 
10 
ns 


An external 
oscillator 
may encounter 
as much as a 100 pF load at XTAL 1 when 
it starts-up. 
This is due to 


interaction 
between 
the amplifier 
and its feedback 
capacitance. 
Once the external 
signal meets the VIL and 
VIH specifications, 
the capacitance 
will not exceed 
20 pF. 


NOTE: 
Keep oscillator components close to chip and use 
short, direct traces to XTAL1. XTAL2 and Vss. When 
using crystals, C1 = 20 pF. C2 = 20 pF. When using 
ceramic resonators, consult manufacturer for recom- 
mended circuitry. 


2 .• -V- 
2.0> 
TEST 
POINTS <2.0 V 
-.J\ 0.8 
0.81'....-- 


0.• 5 
---------- 
270909-13 
AC Testing inputs are driven at 2.4V for a Logic "1" and 0.45V for 
a Logic "0" Timing measurements are made at 2.0V for a Logic 
"1" and 0.8V for a Logic "0". 


VLOAO+0.2V 
V 
LOAO 
TIMING 
REFERENCE 
_ 


..--- 
POINTS 
--...... 


VLOAO-0.2 
V 
VOL +0.2 
V 


270909-14 


For Timing Purposes a Port Pin is no Longer Floating when a 
200 mV change from Load Voltage Occurs and Begins to Float 
when a 200 mV change from the Loaded VOHIVOLLevel occurs; 
IOL/IOH = ±15 mA. 


Each symbol 
is two pairs of letters 
prefixed 
by "T" 
for time. The characters 
in a pair indicate 
a signal and its 


condition, 
respectively. 
Symbols 
represent 
the time between 
the two signal/condition 
points. 


Conditions: 
Signals: 


H 
High 
A 
- Address 
HA 
HLDA 


L 
Low 
S 
SHE 
L 
- ALE/ADV 


V 
Valid 
SR 
SREQ 
Q 
- DATA OUT 


X 
No Longer Valid 
C 
CLKOUT 
R 
- RD 


Z 
Floating 
D 
DATA IN 
W 
WR/WRH/WRL 


G 
Suswidth 
X 
- XTAL1 


H 
- HOLD 
Y 
- READY 


• 


At a clock speed of 6 MHz or less, the clock prescal- 
er should 
be disabled. 
This is accomplished 
by set- 
ting IOC2.4 
= 1. 


. 
2 
state time = XT AL 1 


At higher frequencies 
(greater than 6 MHz) the clock 
prescaler 
should 
be enabled 
(IOC2.4 
= 0) to allow 
the comparator 
to settle. 


The converter 
is ratiometric, 
so the absolute 
accura- 
cy is directly dependent 
on the accuracy 
and stability 
of VREF. VREF must be close to Vcc since it supplies 
both the resistor 
ladder and the digital section 
of the 
converter. 
The table 
below 
shows 
two different 
clock 
speeds 
and their corresponding 
AID conversion 
and sample 
times. 
See the 
MCS-96 
AID 
Converter 
Quick 
Reference 


for definition 
of AID 
terms. 


Example 
Sample and Conversion 
Times 


Sample Time 
Conversion 
Conversion 
AID 
Clock 
Clock Speed 
Sample Time 
at Clock 
Time 
Time at 
Prescaler 
(MHz) 
(States) 
Speed 
(States) 
Clock Speed 
(/Ls) 
(/Ls) 


IOC2.4 = 0 ~ 
ON 
16 
15 
1.875 
156.5 
19.6 


IOC2.4 = 1 ~ 
OFF 
6 
8 
2.667 
89.5 
29.8 


Parameter 
Typical(1) 
Minimum 
Maximum 
Units' 
Notes 


Resolution 
1024 
1024 
Levels 
10 
10 
Bits 


Absolute 
Error 
0 
±3 
LSBs 


Full Scale Error 
0.25 ±0.50 
LSBs 


Zero Offset Error 
-0.25 
±0.50 
LSBs 


Non-Linearity 
Error 
1.5 ±2.5 
0 
±3 
LSBs 


Differential 
Non-Linearity 
Err9r 
> -1 
+2 
LSBs 


Channel-to-Channel 
Matching 
±0.1 
0 
±1 
LSBs 


Repeatability 
±0.25 
LSBs 


Temperature 
Coefficients: 


Offset 
0.009 
LSBfOC 
Full Scale 
0.009 
LSBfOC 
Differential 
Non-Linearity 
0.009 
LSBfOC 


Off Isolation 
-60 
dB 
2,3 


Feedthrough 
-60 
dB 
2 


Vcc Power Supply Rejection 
-60 
dB 
2 


Input Series Resistance 
750 
1.2K 
n 
4 


DC Input Leakage 
0 
3.0 
/LA 


Sampling 
Capacitor 
3 
pF 


NOTES: 
'An 
"LSB", 
as used here, has a value of approximately 
S mV. 
1. Typical 
values 
are expected 
for most devices 
at 2S"C. 


2. DC to 100 KHz. 
3. Multiplexer 
Break-Before-Make 
Guaranteed. 


4. Resistance 
from device 
pin, through 
internal 
MUX, to sample 
capacitor. 


Symbol 
Parameter 
Min 
Max 
Units 


TA 
Ambient 
Temperature 
During Programming 
20 
30 
C 


Vcc. VPD. VREF(1) 
Supply Voltages 
During Programming 
4.5 
5.5 
V 


VEA 
Programming 
Mode Supply Voltage 
12.50 
13.0 
V(2) 


Vpp 
EPROM Programming 
Supply Voltage 
12.50 
13.0 
V(2) 


Vss. ANGND(3) 
Digital and Analog Ground 
0 
0 
V 


Fosc 
Oscillator 
Frequency 
12 MHz 
6.0 
12.0 
MHz 


Fosc 
Oscillator 
Frequency 
16 MHz 
6.0 
16.0 
MHz 


NOTES: 
1. Vcc. VPDand VREFshould 
nominally 
be at the same voltage 
during 
programming. 
2. VEA and Vpp must never exceed 
the maximum 
voltage 
for any amount 
of time or the device 
may be damaged. 
3 Vss and ANGND should 
nominally 
be at the same voltage 
(OV)during 
programming. 


Symbol 
Description 
Min 
Max 
Units 


TSHLL 
Reset High to First PALE Low 
1100 
Tosc 


TLLLH 
PALE Pulse Width 
40 
Tosc 


TAVLL 
Address 
Setup Time 
0 
Tosc 


TLLAX 
Address 
Hold Time 
50 
Tosc 


hLVL 
PALE Low to PVER Low 
60 
Tosc 


TpLDV 
PROG Low to Word Dump Valid 
50 
TOSC 


TpHDX 
Word Dump Data Hold 
50 
Tosc 


TDVPL 
Data Setup Time 
0 
Tosc 


TpLDX 
Data Hold Time 
50 
TosC 


TpLPH 
PROG Pulse Width 
40 
TosC 


TpHLL 
PROG High to Next PALE Low 
120 
Tosc 


TLHPL 
PALE High to PROG Low 
220 
TosC 


TPHPL 
PROG High to Next PROG Low 
120 
Tosc 


TpHIL 
PROG High to AINC Low 
0 
Tosc 


TILIH 
AINC Pulse Width 
40 
TOSC 


TILVH 
PVER Hold after AINC Low 
50 
Tosc 


TILPL 
AINC Low to PROG Low 
170 
TOSC 


TpHVL 
PROG High to PVER Low 
90 
Tosc • 


Symbol 


Ipp 


Description 


Vpp Supply Current (When Programming) 


NOTE: 
Do not apply Vpp until Vcc is stable and within specifications and the oscillator/clock has stabilized or the device may be 
damaged. 


SLAVE 
PROGRAMMING 
MODE TIMING 
IN DATA 
PROGRAM 
MODE 
WITH 
REPEATED 
PROG PULSE 
AND AUTO 
INCREMENT 


RESET J 


PORTS 
3/4 


PALE 


PROG 


PVER 


AINC 


ADDR 
ADDR+ 2 


----(ADDR/COMMAND}---( 
DATA 
)~-------( 
DATA >-- 


Symbol 
Parameter 
Mln 
Max 
Units 


TXLXL 
Serial Port Clock Period (BRR ~ 8002H) 
6 TOSC 
ns 


TXLXH 
Serial Port Clock Falling Edge to Rising Edge (BRR ~ 8002H) 
4 Tosc 
- 
50 
4 Tosc 
+ 50 
ns 


TXLXL 
Serial Port Clock Period (BRR = 8001 H) 
4 TOSC 
ns 


TXLXH 
Serial Port Clock Falling Edge to Rising Edge (BRR = 8001 H) 
2 TOSC 
- 
50 
2 TOSC 
+ 50 
ns 


TQVXH 
Output 
Data Setup to Clock Rising Edge 
2 Tosc 
-50 
ns 


TXHQX 
Output Data Hold after Clock Rising Edge 
2 TOSC 
-50 
ns 


TXHQV 
Next Output Data Valid after Clock Rising Edge 
2 Tosc 
+50 
ns 


TDVXH 
Input Data Setup to Clock Rising Edge 
Tosc 
+50 
ns 


TXHDX 
Input Data Hold after Clock Rising Edge 
0 
ns 


TXHQZ 
Last Clock Rising to Output Float 
2 Tosc 
ns• 


TXO---lj 


TQVXH-j I- 


RXO 


(ouT) 
0 


Devices 
marked 
with an "E", 
"F" 
or "G" have the 


following 
errata. 


1. High Speed 
Inputs 


The 
High 
Speed 
Input 
(HSI) 
has three 
deviations 


from the specifications. 


NOTE: 
"Events" 
are 
defined 
as 
one 
or 
more 
pin 
tran- 
sitions. 
"Entries" 
are 
defined 
as the 
recording 
of 
one or more events. 


A. The 
resolution 
is nine 
states 
instead 
of 
eight 
states. 
Events 
occurring 
on the same 
pin more 
frequently 
than 
once 
every 
nine 
state 
may 
be 


lost. 


B. A mismatch 
between 
the nine state 
HSI resolu- 


tion and the eight 
state 
hardware 
timer 
causes 
one time-tag 
value to be skipped every nine timer 


counts. 
Events may receive a time-tag 
one count 


later than expected. 


C. If the FIFO and Holding 
Register 
are empty, the 


first event will transfer 
into the Holding 
Register, 


leaving 
the 
FIFO 
empty 
again. 
The 
next 
event 


that occurs 
will be the first event 
loaded 
into the 
empty 
FIFO. If the first two events 
into an empty 
FIFO 
(not counting 
the Holding 
Register) 
occur 
coincident 
with each other, both are recorded 
as 
one entry with one time-tag. 
If the second 
event 
occurs 
within 
9 states 
after the first, the events 
will be entered 
separately 
with time-tags 
at least 
one count 
apart. 
If the second 
event 
enters 
the 
FIFO coincident 
with the "skipped" 
time-tag 
situ- 
ation (see B above) the time-tags 
will be at least 


two counts 
apart. 


Using CMPL with register 
0 can set incorrect 
flags. 


Don't 
use register 
0 with the compare 
long (CMPL) 


instruction. 
Use another 
long word register 
and set it 


equal to zero. See tech bit MC0692. 


Interrupts 
occurring 
on PO.7 could 
be missed 
since 


the 
INT_PEND 
EXTINT 
bit may 
not 
be set. 
See 


techbit 
MC0893. 


This 
data 
sheet 
(270909-005) 
is valid 
for 
devices 


with an "E", 
"F" 
or "G" at the end of the top side 


tracking 
number. 
Data sheets 
are changed 
as new 


device 
information 
becomes 
available. 
Verify 
with 


your local Intel sales office that you have the latest 
version 
before 
finalizing 
a design 
or ordering 
devic- 


es. 


The 
following 
differences 
exist 
between 
this 
data 


sheet (270909-005) 
and (270909-004): 


1. ITL MAX was 
-650 
,.,.A (270909-004). 
Now 
ITL 


MAX is -800 
,.,.A(270909-005). 


2. 
IIL2 was 
named 
IlL1 (270909-004). 
Now 
IIL2 is 


correctly 
named 
(270909-005). 


3. 
IlL1 was 
omitted 
(270909-004). 
IlL1 
MAX 
was 


added. 
1111 MAX is -850 
,.,.A(270909-005). 


4. hLYV 
and TLLGV (270909-004) 
were 
removed. 


These timings are not required 
in high-speed 
sys- 


tem designs. 


5. An errata was added to the known errata section. 


There is a possibility 
to miss an external 
interrupt 


on PO.7 EXTINT. 


The 
following 
differences 
exist 
between 
this 
data 


sheet 
(270909-004) 
and (270909-003): 


1. The 
ROM 
(80C196KB), 
and 
ROM less 


(83C196KB) 
were combined 
with this data sheet 


resulting 
in no specification 
differences. 


2. The description 
of the prescalar 
bit for the AID 


has been enhanced. 


3. THAHBVMIN 
was 
-15 
ns 
(270909-003). 
Now 


THAHBVMIN is -20 
ns (270909-004). 


4. TXHQzMAX 
was 
1 TOSC 
(270909-003). 
Now 
TXHQzMAX is 2 TOSC (270909-004). 
This should 


have 
no impact 
on designs 
using 
synchronous 


serial mode O. 


5. The 
change 
indicators 
for 
the 
80C196KB 
are 


"E", 
"F" 
and "G". 
Previously 
there was only one 


change 
indicator 
"E". 
The 
change 
indicator 
is 


used for tracking 
purposes. 
The change 
indicator 


is the last character 
in the FPO number. The FPO 


number 
is the second 
line on the top side of the 
device. 


The following 
differences 
exist between 
(-003) and 


version 
(-002). 


1. The 
12 MHz and 
16 MHz devices 
were 
com- 
bined in this data sheet. The 87C196KB 
12 MHz 
only data sheet (272035-001) 
is now obsolete. 


2. Changes 
were 
made to the format 
of the data 
sheet and the SFR descriptions 
were removed. 


3. The -002 version of this data sheet was valid for 
devices 
marked 
with a "B" 
or a "D" 
at the end 


of the top side tracking 
number. 


4. The OSCILLATOR 
errata was removed. 


5. An errata was not documented 
in the -002 data 
sheet 
for devices 
marked 
with a "B" 
or a "D". 


This is the DIVIDE 
DURING 
HOLD/READY 
er- 
rata. When HOLD or READY 
is active and DIV / 
DIVB is the last instruction 
in the queue, the di- 
vide result may be incorrect. 


6. TXCH was changed 
from Min = 40 ns to Min = 
20 ns. 


7. TRLCL was changed 
from Min = 5 ns to Min = 


4 ns. 


9. IlL1 was changed 
from Max = - 6 mA to Max = 


-7 
mA. 


10. THAHBV was changed 
from 
Min = 
-10 
ns to 
Min = -15 
ns. 


Differences 
between 
the -002 and -001 data sheets. 


1. The -001 version 
of this data sheet was valid for 


devices 
marked with a "C" 
at the end of the top 
side tracking 
number. 


2. Added 
64L SDIP and 80L QFP packages. 


3. Added 
IIH1. 


4. Changed 
TCHWH Min from 
- 
10 ns to - 
5 ns. 


5. Changed 
TCHWH Max from + 10 ns to + 15 ns. 


6. Changed 
TWLWH Min from 
TOSC 
20 ns to 
TOSC - 
15 ns. 


7. Changed 
TWHQX Min from 
TOSC 
10 ns to 
TOSC - 
15 ns. 


8. Changed 
TWHLH Min from 
TOSC 
10 ns to 
Tosc 
- 
15 ns. 


9. Changed 
TWHLH Max from 
TOSC + 
15 ns to 
TOSC + 10 ns. 


10. Changed 
TWHBX Min from 
TOSC 
10 ns to 


TosC 
- 
15 ns. 


11. Changed 
THVCH Min from 85 ns to 55 ns. 


12. Remove 
THVCH Max. 


13. Changed 
TCLHAL Min from 
- 
10 ns to - 
15 ns. 


14. Changed 
TCLHAL Max from 20 ns to 15 ns. 


15. Changed 
TCLBRL Min from 
- 
10 ns to - 
15 ns. 


16. Changed 
TCLBRL Max from 20 ns to 15 ns. 


17. Changed 
THAHAX Min from - 
10 ns to - 
15 ns. 


18. Added HSI description 
to Functional 
Deviations. 


19. Added Oscillator 
description 
to Functional 
Devi- 


ations. 


8XC198 
COMMERCIAL/EXPRESS 
CHMOS MICROCONTROLLER 


• 
8 Kbytes 
of On-Chip OTPROM 
or ROM 


• 
232 Byte Register 
File 


• 
Register-to-Register 
Architecture 


• 
28 Interrupt 
Sources/16 
Vectors 


• 
1.75,...s 16 x 16 Multiply (16 MHz) 


• 
3.0,...s 32/16 
Divide (16 MHz) 


• 
Powerdown 
and Idle Modes 


• 
16-Bit Watchdog 
Timer 


• 
8-Bit External 
Bus 


• 
16 MHz Standard 


• 
Full Duplex Serial Port 


• 
High Speed 
I/O Subsystem 


• 
16-Blt Timer 


• 
16-Blt Counter 


• 
Pulse-Width-Modulated 
Output 


• 
Four 16-Bit Software 
Timers 


• 
10-Blt AID 
Converter 
with Sample/Hold 


• 
Extended 
Temperature 
Available 


The 8XC198 
family 
offers 
low-cost 
entry 
into Intel's 
powerful 
MCS@-96 16-bit 
microcontroller 
architecture. 


Intel's CHMOS 
process 
provides 
a high performance 
processor 
along with low power consumption. 
To further 


reduce 
power 
requirements, 
the processor 
can be placed 
into Idle or Powerdown 
Mode. 


The 8XC198 
is the 8-bit bus version of the 8XC196KB. 
The prefixes 
mean: 80 (ROMless), 
83 (ROM), 87 (OTP) 


One Time Programmable. 
The ROM and OTP are available 
in 8 Kbytes. 


Bit, byte, word and some 
32-bit operations 
are available 
on the 8XC198. 
With a 16 MHz oscillator 
a 16-bit 


addition 
takes 0.50 fJ-s,and the instruction 
times average 
0.37 fJ-sto 1.1 fJ-sin typical 
applications. 


Four high-speed 
capture 
inputs are provided 
to record times when events 
occur. 
Six high-speed 
outputs 
are 
available 
for pulse or waveform 
generation. 
The high-speed 
output can also generate 
four software 
timers 
or 
start an AID 
conversion. 
Events 
can be based 
on the timer or counter. 
Also provided 
on-chip 
are an AID 
converter, 
serial port, watchdog 
timer and a pulse-width-modulated 
output 
signal. 


With the commercial 
(standard) 
temperature 
option, 
operational 
characteristics 
are guaranteed 
over the tem- 
perature 
range of O°C to + 70°C. Wth the extended 
temperature 
range option, 
operational 
characteristics 
are 
guaranteed 
over the temperature 
range of - 40°C to + 85°C. 


PORT 3 


1 


ADDR 
DATA 
BUS 


PORT 4 


EXTERNAL MEMORY OR I/O 


INTERNAL ROM/EPROM 
OR 
EXTERNAL MEMORY 


RESERVED 


UPPER 8 INTERRUPT VECTORS 


ROM/OTP 
SECURITY KEY 


RESERVED 


CHIP CONFIGURATION 
BYTE 


RESERVED 


LOWER 8 INTERRUPT VECTORS 
PLUS 2 SPECIAL INTERRUPTS 


PORT 3 AND PORT 4 


EXTERNAL MEMORY OR I/O 


INTERNAL DATA MEMORY· 
REGISTER FILE 
(STACK POINTER, RAM AND SFRS) 
EXTERNAL PROGRAM CODE MEMORY 


POWERDOWN t.40DE ENABLE 


SET TO 0 


ADDRESS 
VALID 
STROBE SELECT 


(ALE/ 
ADv) 


(IRCD) 
}INTERNAL 
READY CONTROL 


(IRC1) 
t.40DE 


(LOCO) 
} 


( 
) 


PROGRAt.4 LOCK t.40DE 
LOC! 


272034-7 


WARNING: 
Reserved 
memory 
locations 
must not be written 
or read. The contents 
and/or 
function 
of these 
locations 
may change 
with 
future 
revisions 
of the device. 
Therefore, 
a program 
that relies on one or more of these 
locations 
may not function 
properly. 


! __.L 
• 


The 8XC198 is available in a 52-pin PLCC package and an 80-pin QFP package. Contact your local sales 
office to determine the exact ordering code for the part desired. 


Package 
Designators: 


N = 52-pin 
PLCC 


S = 80-pin 
QFP 


Package Type 
°ja 
°jC 


PLCC 
40·C/W 


QFP 
70·C/W 
4·C/W 


All thermal impedance data is approximate for static air conditions at 1W of power dissipation..Values will 
change depending on operating conditions and application. See the Intel Packaging 
Handbook 
(Order Number 
240800) for a description of Intel's thermal impedance test methodology. 
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ACHS/PO.S/PIAODE.l 
AD2/P3.2 


ACH4/PO.4/PIAODLO 
AD3/P3.3 


ANGND 
AD4/P3.4 


VREF 
AOS/P3.S 


Vss 
intel® 


AD6/P3.6 


EXTINT/P2.2/PROG 
AD7/P3.7 


RESET 
AS/P4.0 


RXO/P2. l/PALE 
TOP VIEW 
A9/P4.1 


TXO/P2.0/PVER 
87C198 
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Figure 4. 52-Pin PLCC Package 


NOTE: 
The above 
pinout 
diagram 
applies 
to the OTP (87C198) 
device. 
The OTP device 
uses all of the programming 
pins shown 
above. 
The ROM (83C198) 
device 
only uses programming 
pins: AINC, 
PALE, 
PMODE.n 
and PROG. The ROM less (80C198) 
doesn't 
use any of the programming 
pins. 
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NOTE: 
N.C. means 
No Connect 
(do not connect 
these 
pins). 


Figure 5. aD-Pin QFP Package 


NOTE: 
The above 
pinout 
diagram 
applies 
to the OTP (87C198) 
device. 
The OTP device 
uses all of the programming 
pins shown 
above. 
The ROM (83C198) 
device 
only uses programming 
pins: AINC, 
PALE, PMODE.n 
and PROG. The ROMless 
(80C198) 
doesn't 
use any of the programming 
pins. 


Symbol 
Name and Function 


Vcc 
Main supply voltage 
(5V). 


Vss 
The PLCC package 
has 5 Vss pins and the QFP package 
has 12 Vss pins. All must be 
connected 
to digital ground. 


VREF 
Reference 
voltage for the AID converter 
(5V). VREF is also the supply voltage to the 
analog portion of the A/D converter 
and the logic used to read Port O. Must be 
connected 
for AID 
and Port 0 to function. 


ANGND 
Reference 
ground for the A/D converter. 
Must be held at nominally 
the same potential 
as Vss. 


Vpp 
Programming 
Voltage. 
Also, timing pin for the return from powerdown 
circuit. 


XTAL1 
Input of the oscillator 
inverter and of the internal clock generator. 


XTAL2 
Output of the oscillator 
inverter. 


RESET 
Reset input to and open-drain 
output from the chip. Input low for at least 4 state times to 
reset the chip. The subsequent 
low-to-high 
transition 
commences 
the 10-state 
Reset 
Sequence. 


INST 
Output high during an external 
memory read indicates 
the read is an instruction 
fetch. 
INST is valid throughout 
the bus cycle. INST is activated 
only during external 
memory 
accesses 
and output low for a data fetch. 


EA 
Input for memory select (External Access). 
EA equal to a TTL-high 
causes memory 
accesses 
to locations 
2000H through 3FFFH to be directed 
to on-chip 
ROM/EPROM. 
EA equal to a TTL-Iow causes accesses 
to these locations 
to be directed 
to off-chip 
memory. 


ALE/ADV 
Address 
Latch Enable or Address 
Valid output, as selected 
by CCR. Both pin options 
provide a latch to demultiplex 
the address from the address/data 
bus. When the pin is 
ADV, it goes inactive high at the end of the bus cycle. ALE/ ADV is activated 
only during 
external 
memory accesses. 


RD 
Read signal output to external 
memory. 
RD is activated 
only during external 
memory 
reads. 


WR 
Write output to external 
memory. WR will go low for every external 
write. 


READY 
Ready input to lengthen 
external 
memory cycles. When the external 
memory is not 
being used, READY has no effect. 
Internal control 
of the number of wait states inserted 
into a bus cycle held not ready is available 
through configuration 
of CCR. 


HSI 
Inputs to High Speed Input Unit. Four HSI pins are available: 
HSI.O, HSI.1, HSI.2 and 
HSI.3. Two of them (HSI.2 and HSI.3) are shared with the HSO Unit. 


HSO 
Outputs from High Speed Output Unit. Six HSO pins are available: 
HSO.O, HSO.1, 


HSO.2, HSO.3, HSO.4 and HSO.5. Two of them (HSO.4 and HSO.5) are shared with the 
HSI Unit. 


Port 0 
4-bit high impedance 
input-only 
port. These pins can be used as digital inputs and/or 
as 
analog inputs to the on-chip A/D converter. 
These pins set the Programming 
Mode on 
the EPROM device. 


intel~ 


Symbol 
Name and Function 


Port 2 
Multi-functional 
port. All of its pins are shared with other functions 
in the 80C198. 


Ports 3 and 4 
8-bit bidirectionalI/O 
ports with open drain outputs. These pins are shared with 
the multiplexed 
address/data 
bus which has strong internal pullups. Available 
as 
I/O only on the ROM and EPROM devices. 


TxD 
The TxD pin is used for serial port transmission 
in Modes 1, 2 and 3. In mode 0 the 
pin is used as the serial clock output. 


RxD 
Serial Port Receive 
pin used for serial port reception. 
In mode 0 the pin functions 
as input or output data. 


EXTINT 
A positive transition 
on the EXTINT pin will generate 
an external 
interrupt. 


T2CLK 
The T2CLK pin is the Timer2 clock input or the serial port baud rate generator 
input. 


T2RST 
A rising edge on the T2RST pin will reset Timer2. 


PWM 
The PWM output. 


PMODE 
Programming 
Mode Select. Determines 
the EPROM programming 
algorithm 
that is 
performed. 
PMODE is sampled 
after a chip reset and should be static while the 
part is operating. 


SID 
Slave ID Number. Used to assign each slave a pin of Port 3 or 4 to use for passing 
programming 
verification 
acknowledgement. 


PALE 
Programming 
ALE Input. Accepted 
by the 87C196KB 
when it is in Slave 
Programming 
Mode. Used to indicate that Ports 3 and 4 contain a command/ 
address. 


PROG 
Programming. 
Falling edge indicates 
valid data on PBUS and the beginning 
of 
programming. 
Rising edge indicates 
end of programming. 


PVAL 
Program Valid. This signal indicates 
the success 
or failure of programming 
in the 
Auto Programming 
Mode. A zero indicates 
successful 
programming. 


PVER 
Program Verification. 
Used in Slave Programming 
and Auto CLB Programming 
Modes. Signal is low after rising edge of PROG if the programming 
was not 
successful. 


AINC 
Auto Increment. 
Active low signal indicates 
that the auto increment 
mode is 
enabled. 
Auto Increment 
will allow reading or writing of sequential 
EPROM 
locations 
without 
address transactions 
across the PBUS for each read or write. 


PORTS 3 and 4 
Address/Command/Data 
Bus. Used to pass commands, 
addresses, 
and data to 


(when programming) 
and from slave mode 87C196KBs. 
Used by chips in Auto Programming 
Mode to 
pass command. 
addresses 
and data to slaves. Also used in the Auto Programming 
Mode as a regular system bus to access external 
memory. 
Should have pullups to 
Vcc (15 kO). 
• 


ELECTRICAL 
CHARACTERISTICS 


ABSOLUTE 
MAXIMUM 
RATINGS· 


Ambient 
Temperature 
under Bias 
- 55·C to + 125·C 


Storage Temperature 
......•... 
- 65·C to + 150·C 


Voltage 
on Vpp or EA to 
VSS or ANGND 
- 0.3V to + 13.0V 


Voltage 
on Any Other Pin to Vss 
.. -0.5V 
to + 7.0V 


Power Dissipation(l) 
1.5W 


NOTE: 
1. Power dissipation is based on package heat transfer lim- 
itations, not device power consumption. 


NOTICE: This data sheet contains preliminary infor- 
mation on new products in production. 
It is valid for 
the 
devices 
indicated 
in the 
revision 
history. 
The 
specifications 
are subject to change without notice. 


• WARNING: Stressing the device beyond the "Absolute 
Maximum 
Ratings" 
may 
cause permanent 
damage. 


These are stress ratings 
only. Operation 
beyond 
the 


"Operating 
Conditions" 
is not recommended 
and ex- 


tended 
exposure 
beyond 
the 
"Operating 
Conditions" 


may affect device reliability. 


OPERATING 
CONDITIONS 
(All characteristics 
in this data sheet apply to these operating 
conditions 
unless otherwise 
noted.) 


Symbol 
Description 
Min 
Max 
Units 


TA 
Ambient 
Temperature 
Under Bias 
0 
+70 
·C 


Vcc 
Digital Supply Voltage 
4.50 
5.50 
V 


VREF 
Analog Supply Voltage 
4.50 
5.50 
V 


Fosc 
Oscillator 
Frequency 
16 MHz 
3.5 
16 
MHz 


NOTE: 
ANGND and Vss should be nominally at the same potential. 


Symbol 
Description 
Min 
Max 
Units 
Test Conditions 


VIL 
Input Low Voltage 
-0.5 
0.8 
V 


VIH 
Input High Voltage 
(1) 
0.2Vcc 
+ 0.9 
VCC + 0.5 
V 


VIH1 
Input High Voltage on XTAL1 
0.7Vcc 
Vcc 
+ 0.5 
V 


VIH2 
Input High Voltage on RESET 
2.6 
VCC + 0.5 
V 


VOL 
Output Low Voltage 
0.3 
V 
IOL = 200/-LA 
0.45 
V 
IOL = 32 mA 
1.5 
V 
IOL = 7 mA 


VOH 
Output High Voltage 
Vcc 
- 
0.3 
V 
IOH = -200/-LA 
(Standard 
Outputs) 
Vcc 
- 
0.7 
V 
IOH = -3.2 
mA 
Vcc-1.5 
V 
IOH = -7 
mA 


III 
Input Leakage Current (Std. Inputs) 
±10 
/-LA 
o < VIN < VCC - 
0.3V 


ILI1 
Input Leakage Current (Port 0) 
+3 
/-LA 
0< 
VIN < VREF 


IIL1 
Logical 0 Input Current in Reset 
-6 
mA 
VIN = 0.45 V 
(ALE, RD, INST) 


Hyst 
Hysteresis 
on RESET Pin 
300 
mV 


NOTE: 
1. All pins except RESET and XTAL1. 


Symbol 
Description 
Min 
Typ(6) 
Max 
Units 
Test Conditions 


Icc 
Active 
Mode 
Current 
in Reset 
50 
60 
mA 
XTAL1 
= 16 MHz 


IREF 
AID 
Converter 
Reference 
Current 
2 
5 
mA 
Vcc 
= Vpp = VREF = 5.5V 


IIDLE 
Idle 
Mode 
Current 
10 
25 
mA 


ICC1 
Active 
Mode 
Current 
15 
25 
mA 
XTAL1 
= 3.5 
MHz 


IpD 
Powerdown 
Mode 
Current 
5 
30 
IJ-A 
VCC = Vpp = VREF = 5.5V 


RRST 
Reset 
Pullup 
Resistor 
6K 
50K 
n 


Cs 
Pin Capacitance 
(Any 
Pin to VSS) 
10 
pF 
FTEST = 1.0 MHz 


NOTES: 
(Notes 
apply to all specifications) 
1. Standard 
Outputs 
include 
ADO-15, 
RD, WR, ALE, 
INST, 
HSO pins, 
PWM/P2.5, 
RESET, 
Ports 
3 and 4, TXD/P2.0 
and 
RXD (in serial 
mode 0). The VOH specification 
is not valid for RESET. 
Ports 3 and 4 are open-drain 
outputs. 
2. Standard 
Inputs 
include 
HSI pins, EA, READY, 
RXD/P2.1, 
EXTINT IP2.2, 
T2CLK/P2.3 
and T2RST IP2.4. 


3. Maximum 
current 
per pin must 
be externally 
limited 
to the following 
values 
if VOL is held 
above 
0.45V 
or VOH is held 


below 
Vcc 
- 
0.7V: 


IOL on Output 
pins: 10 mA 
IOH on Standard 
Output 
pins: 10 mA 


4. Maximum 
current 
per bus pin (data and control) 
during 
normal 
operation 
is ± 3.2 mA. 


5. During 
normal 
(non-transient) 
conditions 
the following 
total current 
limits apply: 
HSO, P2.0, RXD, RESET 
IOL: 29 mA 
IOH: 26 mA 


P2.5, WR 
IOL: 13 mA 
IOH: 11 mA 


ADO-AD15 
IOL: 52 mA 
IOH: 52 mA 


RD, ALE,INST 
IOL: 13 mA 
IOH: 13 mA 


6. Typicals 
are based 
on a limited 
number 
of samples 
and are not guaranteed. 
The values 
listed 
are at room 
temperature 


and VREF = Vce 
= 5V. 


Ice Max = 3.88 x FREQ + 8.43 
IIDLE Max = 1.65 x FREQ + 2.2 


AC CHARACTERISTICS 
Test Conditions: 
Capacitive 
load on all pins = 100 pF, Rise and fall times = 10 ns, Fose 
= 12/16 
MHz 


Symbol 
Description 
Min 
Max 
Units 
Notes 


TAVYV 
Address 
Valid to Ready Setup 
2 Tose 
- 
75 
ns 


TYLYH 
Non READY Time 
No upper limit 
ns 


TLLYX 
READY Hold after ALE Low 
Tose 
- 
15 
2 Tose 
- 
40 
ns 
(Note 1) 


TAVDV 
Address 
Valid to Input Data Valid 
3 Tose 
- 
55 
ns 
(Note 2) 


TRLDV 
RD Active to Input Data Valid 
Tose 
- 
23 
ns 
(Note 2) 


TRHDZ 
End of RD to Input Data Float 
Tose 
- 
20 
ns 


TRXDX 
Data Hold after RD Inactive 
0 
ns 


NOTES: 
1. If max is exceeded, 
additional 
wait states 
will occur. 
2. When 
using wait states, 
add 2 TOSC x n, where 
n = number 
of wait states. 


AC CHARACTERISTICS 
Test Conditions: 
Capacitive 
load on all pins = 100 pF, Rise and fall times 
= 10 ns, Fosc 
= 12/16 
MHz 


Symbol 
Description 
Mln 
Max 
Units 
Notes 


FXTAL 
Frequency 
on XTAL 1 12 MHz 
3.5 
12 
MHz 
(Note 1) 


FXTAL 
Frequency 
on XTAL 1 16 MHz 
3.5 
16 
MHz 
(Note 1) 


Tosc 
1/FXTAL 12 MHz 
83.3 
286 
ns 


TosC 
1/FXTAL 16 MHz 
62.5 
286 
ns 


TLHLH 
ALE Cycle Time 
4 TosC 
ns 
(Note 3) 


TLHLL 
ALE High Period 
TOSC - 
10 
Tosc+10 
ns 


TAVLL 
Address 
Setup to ALE Falling Edge 
TOSC - 
20 
ns 


TLLAX 
Address 
Hold after ALE Falling Edge 
TOSC - 
40 
ns 


TLLRL 
ALE Falling Edge to RD Falling Edge 
Tosc 
- 
35 
ns 


TRLRH 
RD Low Period 
Tosc 
- 
5 
Tosc 
+ 25 
ns 
(Note 3) 


TRHLH 
RD Rising Edge to ALE Rising Edge 
TOSC 
TosC 
+ 25 
ns 
(Note 2) 


TRLAZ 
RD Low to Address 
Float 
5 
ns 


TLLWL 
ALE Falling Edge to WR Falling Edge 
TOSC - 
10 
ns 


TQVWH 
Data Stable to WR Rising Edge 
TosC 
- 
23 
ns 
(Note 3) 


TWLWH 
WR Low Period 
TOSC - 
15 
Tosc 
+ 5 
ns 
(Note 3) 


TWHQX 
Data Hold after WR Rising Edge 
TOSC - 
15 
ns 


TWHLH 
WR Rising Edge to ALE Rising Edge 
TosC 
- 
15 
TOSC + 10 
ns 
(Note 2) 


TWHBX 
INST Hold after WR Rising Edge 
TOSC - 
15 
ns 


TLLBX 
INST Hold after ALE Rising Edge 
Tosc 
- 
10 
ns 


TRHBX 
INST Hold after RD Rising Edge 
Tosc 
- 
10 
ns 


TWHAX 
AD8-15 
Hold after WR Rising Edge 
TOSC - 
30 
ns 


TRHAX 
AD8-15 
Hold after RD Rising Edge 
TOSC - 
25 
ns 


NOTES: 
1. Testing 
performed 
at 3.5 MHz. However. 
the part is static 
by design 
and will typically 
operate 
below 
1 Hz. 


2. Assuming 
back-to-back 
bus cycles. 
3. When 
using wait states, 
add 2 Tasc x 
n, where 
n = number 
of wait states. 
• 
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Symbol 
Parameter 
Min 
Max 
Units 


1/TxLXL 
Oscillator 
Frequency 
12 MHz 
3.5 
12.0 
MHz 


1/TxLXL 
Oscillator 
Frequency 
16 MHz 
3.5 
16.0 
MHz 


TXLXL 
Oscillator 
Period 12 MHz 
83.3 
286 
ns 


TXLXL 
Oscillator 
Period 16 MHz 
62.5 
286 
ns 


TXHXX 
High Time 
21.25 
ns 


TXLXX 
Low Time 
21.25 
ns 


TXLXH 
Rise Time 
10 
ns 


TXHXL 
Fall Time 
10 
ns 


An external 
oscillator 
may encounter 
as much as a 100 pF load at XTAL 1 when 
it starts-up. 
This is due to 


interaction 
between 
the amplifier 
and its feedback 
capacitance. 
Once the external 
signal meets 
the VIL and 
VIH specifications 
the capacitance 
will not exceed 
20 pF. 


Quartz 
Crystal 
or 
Ceramic 
Resonator 


272034-32 


NOTE: 
Keep oscillator components close to chip and use 
short direct traces to XTAL1, XTAL2 and Vss. When 
using crystals, C1 = 20 pF, C2 = 20 pF. When using 
ceramic resonators consult manufacturer for recom- 
mended capacitor values. 


2.4 -V- 2.0> 
TEST POINTS< 2.0 V- 
-.1\ 
0.8 
0.8.f'..- 


0.45 
----------- 
272034-26 
AC Testing 
inputs 
are driven 
at 2.4V for a Logic "1" 
and O.45V for 
a Logic 
"0" 
Timing 
measurements 
are made 
at 2.0V for a Logic 


"1" 
and 0.8V for a Logic 
"0". 


NOTE: 
'Required if open collector TIL driver used. Not need- 
ed if CMOS driver is used. 


VLOAO'0.20 V 


v 
LOAO 
mUNG 
REfERENCE......- 


--- 
POINTS 
---.... 


VLOAO-0.20 
V 
VOL+0.20 
V 
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For 
Timing 
Purposes 
a Port 
Pin is no 
Longer 
Floating 
when 
a 
200 
mV change 
from 
Load 
Voltage 
Occurs 
and 
Begins 
to Float 


when 
a 200 mV change 
from the Loaded 
VOHIVOL 
Level 
occurs 


IOL/loH 
~ 
± 15 mA. 


Each symbol 
is two pairs of letters 
prefixed 
by "T" 
for time. The characters 
in a pair indicate 
a signal and its 


condition, 
respectively. 
Symbols 
represent 
the time between 
the two signal/condition 
points. 


High 


Low 


Valid 


No Longer Valid 


Floating 


Address 


DATA IN 


ALE/ADV 


DATA OUT 


RD 


WR 


XTAL1 


READY 


At a clock speed of 6 MHz or less, the clock prescal- 
er should 
be disabled. 
This is accomplished 
by set- 
ting IOC2.4 = 1. 


state time = _2_ 
fXTAL1 


At higher frequencies 
(greater than 6 MHz) the clock 
prescaler 
should be turned on (IOC2.4 = 0) to allow 
the comparator 
to settle. 


The converter 
is ratiometric, 
so the aosolute 
accura- 
cy is directly dependent 
on the accuracy 
and stability 
of VREF' VREF must be close to Vcc since it supplies 
both the resistor 
ladder and the digital section 
of the 
converter. 


The table 
below 
shows 
two different 
clock 
speeds 
and their corresponding 
AID 
conversion 
and sample 
times. 
See the 
MCS-96 
AID 
Converter 
Quick 
Reference 
for definition 
of AID 
terms. 


AID Clock 
Clock 
Speed 
Sample 
Time 
Sample 
Time 
Conversion 
Conversion 
at Clock 
Time 
Time at Clock 
Prescaler 
(MHz) 
(States) 
Speed (J.l-s) 
(States) 
Speed (J.l-s) 


IOC2.4 = 0 -. 
ON 
16 
15 
1.875 
156.5 
19.6 


IOC2.4 = 1 -. 
OFF 
6 
8 
2.667 
89.5 
29.8 


Parameter 
Typical(1) 
Minimum 
Maximum 
Units" 
Notes 


Resolution 
1024 
1024 
Levels 
10 
10 
Bits 


Absolute 
Error 
0 
±3 
LSBs 


Full Scale Error 
0.25 ±0.50 
LSBs 


Zero Offset Error 
-0.25 
±0.50 
LSBs 


Non-Linearity 
Error 
1.5 ±2.5 
0 
±3 
LSBs 


Differential 
Non-Linearity 
Error 
> -1 
+2 
LSBs 


Channel-to-Channel 
Matching 
±0.1 
0 
±1 
LSBs 


Repeatability 
±0.25 
LSBs 


Temperature 
Coefficients: 
Offset 
0.009 
LSBrC 
Full Scale 
0.009 
LSBrC 
Differential 
Non-Linearity 
0.009 
LSBrC 


Off Isolation 
-60 
dB 
2,3 


Feedthrough 
-60 
dB 
2 


Vcc Power Supply Rejection 
-60 
dB 
2 


Input Series Resistance 
750 
1.2K 
n 
4 


DC Input Leakage 
0 
3.0 
J.l-A 


Sample Time: Prescaler 
On 
15 
States 
Prescaler 
Off 
8 
States 


Sampling 
Capacitor 
3 
pF 


NOTES: 
"An 
"LSS", 
as used here, has a value 
of approximately 
5 mY. 
1. Typical 
values 
are expected 
for most devices 
at 25°C but are not tested 
or guaranteed. 
2. DC to 100 KHz. 
3. Multiplexer 
Sreak-Sefore-Make 
Guaranteed. 
4. Resistance 
from device 
pin, through 
internal 
MUX, to sample 
capacitor. 
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Symbol 
Parameter 
Min 
Max 
Units 


TA 
Ambient 
Temperature 
during Programming 
20 
30 
·C 


Vcc, VPD, VREF(1) 
Supply Voltages 
during Programming 
4.5 
5.5 
V 


VEA 
Programming 
Mode Supply Voltage 
12.50 
13.0 
V(2) 


Vpp 
EPROM Programming 
Supply Voltage 
12.50 
13.0 
V(2) 


Vss, 
Digital and Analog Ground 
0 
0 
V 
ANGND(3) 


Fosc 
Oscillator 
Frequency 
16 MHz 
6.0 
16.0 
MHz 


NOTES: 
1. VCC,VPDand VREFshould 
nominally 
be at the same voltage 
during 
programming. 


2. VEA and Vpp must never exceed 
the maximum 
voltage 
for any amount 
of time or the device 
may be damaged. 


3. Vss and ANGND should 
nominally 
be at the same voltage 
(OV)during 
programming. 


Symbol 
Description 
Min 
Max 
Units 


TSHLL 
Reset High to First PALE Low 
1100 
Tosc 


TLLLH 
PALE Pulse Width 
40 
Tosc 


TAVLL 
Address 
Setup Time 
0 
Tosc 


TLLAX 
Address 
Hold Time 
50 
Tosc 


hLVL 
PALE Low to PVER Low 
60 
Tosc 


TpLDV 
PROG Low to Word Dump Valid 
50 
Tosc 


TPHDX 
Word Dump Data Hold 
50 
Tosc 


TDVPL 
Data Setup Time 
0 
Tosc 


TpLDX 
Data Hold Time 
50 
Tosc 


TpLPH 
PROG Pulse Width 
40 
Tosc 


TpHLL 
PROG High to Next PALE Low 
120 
Tosc 


TLHPL 
PALE High to PROG Low 
220 
Tosc 


TpHPL 
PROG High to Next PROG Low 
120 
Tosc 


TpHIL 
PROG High to AINC Low 
0 
TOSC 


TILIH 
AINC Pulse Width 
40 
Tosc 


TILVH 
PVER Hold after AINC Low 
50 
Tosc 


TILPL 
AINC Low to PROG Low 
170 
TOSC 


TpHVL 
PROG High to PVER Low 
90 
TOSC 


Symbol 


Ipp 


Description 


Vpp Supply Current (When Programming) 


• 


SLAVE 
PROGRAMMING 
MODE 
TIMING 
IN DATA 
PROGRAM 
MODE 
WITH 
REPEATED 
PROG PULSE 
AND AUTO 
INCREMENT 


ADDR 
AD DR + 2 


----- 
••( 
ADDR/CO ••••••AND >---< 
DATA 
)~--------_( 
DATA 
)--- 


Symbol 
Parameter 
Min 
Max 
Units 


TXLXL 
Serial Port Clock Period (BRR ~ 8002H) 
6 Tosc 
ns 


TXLXH 
Serial Port Clock Falling Edge 
4 Tosc 
- 
50 
4 ToSC + 50 
ns 
to Rising Edge (BRR ~ 8002H) 


TXLXL 
Serial Port Clock Period (BRR = 8001 H) 
4 TOSC 
ns 


TXLXH 
Serial Port Clock Falling Edge 
2 Tosc 
- 
50 
2 Tosc 
+ 50 
ns 
to Rising Edge (BRR = 8001 H) 


TQVXH 
Output Data Setup to Clock Rising Edge 
2 Tosc 
- 
50 
ns 


TXHQX 
Output Data Hold after Clock Rising Edge 
2 TOSC - 
50 
ns 


TXHQV 
Next Output Data Valid after Clock Rising Edge 
2 Tosc 
+ 50 
ns 


TDVXH 
Input Data Setup to Clock Rising Edge 
Tosc 
+ 50 
ns 


TXHDX 
Input Data Hold after Clock Rising Edge 
0 
ns 


TXHQZ 
Last Clock Rising to Output Float 
2 Tosc 
ns 


TXD ---Lr 


TQVXH-j I- 


RXD 
(OUT) 
• 


Devices 
marked 
with an "E", 
"F", 
or "G" 
have the 
following 
errata. 


The 
High 
Speed 
Input 
(HSI) 
has three 
deviations 
from the specifications. 


NOTE: 
"Events" 
are 
defined 
as 
one 
or 
more 
pin 
tran- 
sitions. 
"Entries" 
are defined 
as the 
recording 
of 
one or more events. 


A. The 
resolution 
is nine 
states 
instead 
of 
eight 
states. 
Events 
occurring 
on the same 
pin more 
frequently 
than 
once 
every 
nine states 
may be 
lost. 


B. A mismatch 
between 
the nine state 
HSI resolu- 
tion and the eight 
state 
hardware 
timer 
causes 
one time-tag 
value to be skipped every nine timer 
counts. 
Events may receive a time-tag 
one count 
later than expected. 


C. If the FIFO and Holding 
Register 
are empty, 
the 
first event will transfer 
into the Holding 
Register, 
leaving 
the 
FIFO 
empty 
again. 
The 
next 
event 
that occurs 
will be the first event loaded 
into the 
empty 
FIFO. If the first two events 
into an empty 
FIFO 
(not counting 
the Holding 
Register) OCCUr 
coincident 
with each other, both are recorded 
as 
one entry with one time-tag. 
If the second 
event 
occurs 
within 
9 states 
after the first, the events 
will be entered 
separately 
with time-tags 
at least 
one count 
apart. 
If the second 
event 
enters 
the 
FIFO coincident 
with the "skipped" 
time-tag 
situ- 
ation (see B above) the time-tags 
will be at least 
two counts 
apart. 


Using CMPL with register 
0 can set incorrect 
flags. 
Don't 
use register 
0 with the compare 
long instruc- 
tion. Use another 
long word register 
and set it equal 
to zero. See Techbit 
MC0692. 


This 
data 
sheet 
(272034-003) 
is valid 
for 
devices 
marked 
with an "E", 
"F", 
or "G" 
at the end of the 
top side tracking 
number. 
Data sheets 
are changed 
as new device information 
becomes 
available. 
Verify 
with your local 
Intel sales 
office 
that 
you have the 
latest version 
before 
finalizing 
a design 
or ordering 
devices. 


The 
following 
differences 
exist 
between 
this 
data 
sheet and the previous 
version 
(-002). 


1. This 
data 
sheet 
added 
the 
ROM less and 
ROM 
devices 
80C198 
and 83C198 
respectively. 


2. The description 
of the AID 
converter 
prescalar 


bit was improved. 


aXC196Kc/aXC196KC20 
COMMERCIAL/EXPRESS 
CHMOS 
MICROCONTROLLER 


87C196KC-16 
Kbytes of On-Chip OTPROM 
83C196KC-16 
Kbytes ROM 
80C 196KC-ROMless 


• 
16 and 20 MHz Available, 


• 
488 Byte Register 
RAM 


• 
Register-to-Register 
Architecture 


• 
28 Interrupt 
Sources/16 
Vectors 


• 
Peripheral 
Transaction 
Server 


• 
1.4 fJ-s16 x 16 Multiply 
(20 MHz) 


• 
2.4 J.l-s32/16 
Divide (20 MHz) 


• 
Powerdown 
and Idle Modes 


• 
Five 8-Bit I/O 
Ports 


• 
16-Bit Watchdog 
Timer 


• 
Extended 
Temperature 
Available 


• 
Dynamically 
Configurable 
8-Bit or 
16-Bit Buswidth 


• 
Full Duplex Serial Port 


• 
High Speed 
110 Subsystem 


• 
16·Bit Timer 


• 
16-Bit Up/Down 
Counter 
with Capture 
• 
3 Pulse-Width-Modulated 
Outputs 


• 
Four 16-Bit Software 
Timers 


• 
8- or 10-Bit A/D 
Converter 
with 
Sample/Hold 


• 
HOLD/HLDA 
Bus Protocol 


• 
OTPROM 
One-Time 
Programmable 
Version 


The 80C196KC 
16-bit microcontroller 
is a high performance 
member 
of the MCS@ -96 microcontroller 
family. 


The 80C196KC 
is an enhanced 
80C196KB 
device 
with 488 bytes 
RAM, 
16 and 20 MHz operation 
and an 
optional 
16 Kbytes 
of ROM/OTPROM. 
Intel's 
CHMOS 
III process 
provides 
a high performance 
processor 
along with low power consumption. 


The 87C196KC 
is an 80C196KC 
with 16 Kbytes 
on-chip 
OTPROM. 
The 83C196KC 
is an 80C196KC 
with 16 
Kbytes factory 
programmed 
ROM. In this document, 
the 80C196KC 
will refer to all products 
unless otherwise 


stated. 


Four high-speed 
capture 
inputs are provided 
to record 
times when events 
occur. 
Six high-speed 
outputs 
are 
available 
for pulse or waveform 
generation. 
The high-speed 
output 
can also generate 
four software 
timers 
or 


start an A/D 
conversion. 
Events can be based on the timer or up/down 
counter. 


With the commercial 
(standard) 
temperature 
option, 
operational 
characteristics 
are guaranteed 
over the tem- 


perature 
range of O·C to + 70·C. With the extended 
(Express) 
temperature 
range option, 
operational 
charac- 


teristics 
are guaranteed 
over the temperature 
range of - 40·C to + 85·C. Unless otherwise 
noted, the specifi- 
cations 
are the same for both options. 


_S_ee_th_e_Pa_c_k_a_g_in_g_in_f_o_rm_a_t_io_n_f_or_e_xt_en_d_e_d_t_e_m_p_e_ra_tu_r_e_d_e_si_g_na_t_o_rs_" 
------------- 
• 


PORT 
3 


} 


ADDR 


DATA 
BUS 


PORT 
4 


This device is manufactured 
on PX29.5 or PX29.9, a 
CHMOS 
III process. 
Additional 
process 
and reliabili- 
ty 
information 
is available 
in 
Intel's 
Components 
Quality 
and 
Reliability 
Handbook, 
Order 
Number 
210997. 
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No 
Mark::: 
\6 
MHz 
20= 20t.lHz 


KC 
Product 
Family 


CHl.40S Technology 


Program 
l.4emory Options: 
O=CPU 
only 
3=ROM 
7 = OTPROJ,l(Note 
1) 


'---------- 
Package 
Type 
Options: 
N:: 
58-lead 
PLCC 
s: 
aO-lead QFP 
S8 = aD-lead sarp 


'------------ 
Temperature 
and 
Burn-in 
Options: 
No 
Mark 
= OOC - 
700e 
Ambient 
with 
Intel Standard Burn-in 
T= (ll:tend,d Temp.rahlre 
-.OoC 
to +850C with 
Intel 
Standard 
Burn-in 


EXAMPLE: 
N87C196KC 
is 68-lead 
PlCC 
OTPROM, 
16 MHz. 
For 
complete 
package 
dimensional 
data, 
refer 
to the 
Intel Packaging 
Handbook 
(Order 
Number 
240800). 


NOTE: 
1. EPROMs 
are available 
as One Time 
Programmable 
(OTPROM) 
only. 


Figure 
3. The 8XC196KC 
Family 
Nomenclature 


Package 
°ja 
°jC 
Type 


PLCC 
35°C/W 
13°C/W 


OFP 
55°C/W 
16°C/W 


SOFP 
TBD 
TBD 


All 
thermal 
impedance 
data 
is approximate 
for 
static 
air 
conditions 
at 1W of power 
dissipation. 
Values 
will change 
depending 
on 
operation 
conditions 
and 
application. 
See 
the Intel Packaging 
Handbook 
(order 
number 
240800) 
for a 
description 
of Intel's 
thermal 
impedance 
test methodology. 


Description 
Address 


External 
Memory or 1/0 
OFFFFH 
06000H 


Internal 
ROM/OTPROM 
or External 
5FFFH 
Memory 
(Determined 
by EA) 
2080H 


Reserved. 
Must contain 
FFH. 
207FH 
(Note 5) 
205EH 


PTS Vectors 
205DH 
2040H 


Upper Interrupt 
Vectors 
203FH 
2030H 


ROM/OTPROM 
Security 
Key 
202FH 
2020H 


Reserved. 
Must contain 
FFH. 
201FH 
(Note 5) 
201AH 


Reserved. 
Must Contain 20H 
2019H 
(Note 5) 


CCB 
2018H 


Reserved. 
Must contain 
FFH. 
2017H 
(Note 5) 
2014H 


Lower Interrupt 
Vectors 
2013H 
2000H 


Port 3 and Port 4 
1FFFH 
Word Addressable 
Only 
1FFEH 


External 
Memory 
1FFDH 
0200H 


488 Bytes Register 
RAM (Note 1) 
01FFH 
0018H 


CPU SFR's (Notes 1, 3, 4) 
0017H 
OOOOH 


NOTES: 
1. Code 
executed 
in 
locations 
OOOOH to 
01 FFH 
will 
be 
forced 
external. 


2. Reserved 
memory 
locations 
must 
contain 
OFFH unless 
noted. 
3. Reserved 
SFR bit locations 
must contain 
O. 
4. Refer to 8XC196KC 
User's 
manual 
for SFR descriptions. 
5. WARNING: 
Reserved 
memory 
locations 
must 
not 
be 
written 
or read. 
The contents 
and/or 
function 
of these 
lo- 
cations 
may 
change 
with 
future 
revisions 
of 
the 
device. 


Therefore, 
a program 
that 
relies 
on one or more 
of these 
locations 
may not function 
properly. 
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Figure 4. 58-Lead 
PLCC Package 
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Figure 5. S8XC196KC 
80-Pln QFP Package 
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Figure 6. SO·PinSQFP Package 


Symbol 
Name and Function 


Vcc 
Main supply voltage 
(5V). 


Vss 
Digital circuit ground (OV). There are multiple Vss pins, all of which must be connected. 


VREF 
Reference 
voltage for the AID 
converter 
(5V). VREF is also the supply voltage to the analog 
portion of the AID converter 
and the logic used to read Port 0. Must be connected 
for AID 
and Port ° to function. 


ANGND 
Reference 
ground for the AID 
converter. 
Must be held at nominally 
the same potential 
as 


Vss· 


Vpp 
Timing pin for the return from powerdown 
circuit. This pin also supplies the programming 
voltage on the EPROM device. 


XTAL1 
Input of the oscillator 
inverter and of the internal clock generator. 


XTAL2 
Output of the oscillator 
inverter. 


CLKOUT 
Output of the internal clock generator. 
The frequency 
of CLKOUT 
is % the oscillator 
frequency. 


RESET 
Reset input and open drain output. 


BUSWIDTH 
Input for buswidth 
selection. 
If CCR bit 1 is a one, this pin selects the bus width for the bus 
cycle in progress. 
If BUSWIDTH 
is a 1, a 16-bit bus cycle occurs. 
If BUSWIDTH 
is a ° an 
a-bit cycle occurs. 
If CCR b.it 1 is a 0, the bus is always an a-bit bus. 


NMI 
A positive transition 
causes a vector through 203EH. 


INST 
Output high during an external 
memory read indicates 
the read is an instruction 
fetch. INST 
is valid throughout 
the bus cycle. INST is activated 
only during external 
memory accesses 
and output low for a data fetch. 


EA 
Input for memory select (External Access). 
EA equal high causes memory accesses 
to 
locations 
2000H through 
5FFFH to be directed 
to on-Chip ROM/EPROM. 
EA equal to low 
causes accesses 
to those locations 
to be directed 
to off-chip 
memory. Also used to enter 
programming 
mode. 


ALE/ADV 
Address 
Latch Enable or Address 
Valid output, as selected 
by CCR. Both pin options 
provide a signal to demultiplex 
the address from the address/data 
bus. When the pin is 
ADV, it goes inactive high at the end of the bus cycle. ALE/ ADV is activated 
only during 
external 
memory accesses. 


RD 
Read signal output to external 
memory. 
RD is activated 
only during external 
memory reads. 


WR/WRL 
Write and Write Low output to external 
memory, as selected 
by the CCR. WR will go low for 
every external write, while WRL will go low only for external writes where an even byte is 
being written. WR/WRL 
is activated 
only during external 
memory writes. 


BHE/WRH 
Bus High Enable or Write High output to external 
memory, as selected 
by the CCR. BHE will 
go low for external writes to the high byte of the data bus. WRH will go low for external 
writes where an odd byte is being written. 
BHE/WRH 
is activated 
only during external 
memory writes. 


READY 
Ready input to lengthen 
external 
memory cycles, for interfacing 
to slow or dynamic 
memory, 
or for bus sharing. When the external 
memory is not being used, READY has no effect. 


HSI 
Inputs to High Speed Input Unit. Four HSI pins are available: 
HSI.O, HSI.1, HSI.2 and HSI.3. 


Two of them (HSI.2 and HSI.3) are shared with the HSO Unit. 


HSO 
Outputs from High Speed Output Unit. Six HSO pins are available: 
HSO.O, HSO.1 , HSO.2, 
HSI.3, HSO.4 and HSO.5. Two of them (HSO.4 and HSO.5) are shared with the HSI Unit. 


Port ° 
a-bit high impedance 
input-only 
port. These pins can be used as digital inputs and/or 
as 
analog inputs to the on-chip A/D converter. 


Port 1 
a-bit quasi-bidirectional 
I/O port. 


Port 2 
a-bit multi-functional 
port. All of its pins are shared with other functions 
in the 80C196KC. 
Pins 2.6 and 2.7 are quasi-bidirectional. 
• 


Symbol 
Name and Function 


Ports 3 and 4 
8-bit bidirectional 
I/O ports with open drain outputs. These pins are shared with the 
multiplexed 
address/data 
bus which has strong internal pullups. 


HOLD 
Bus Hold input requesting 
control 
of the bus. 


HLDA 
Bus Hold acknowledge 
output indicating 
release of the bus. 


BREQ 
Bus Request 
output activated 
when the bus controller 
has a pending external 
memory 
cycle. 


PMODE 
Determines 
the EPROM programming 
mode. 


PACT 
A low signal in Auto Programming 
mode indicates 
that programming 
is in process. 
A high 
signal indicates 
programming 
is complete. 


PVAL 
A low signal in Auto Programming 
Mode indicates 
that the device programmed 
correctly. 
A 
high signal in Slave Programming 
Mode indicates 
the device programmed 
correctly. 


PALE 
A falling edge in Slave Programming 
Mode and Auto Configuration 
Byte Programming 
Mode 
indicates 
that ports 3 and 4 contain valid programming 
address/ 
command 
information 
(input to slave). 


PROG 
A falling edge in Slave Programming 
Mode indicates 
that ports 3 and 4 contain valid 
programming 
data (input to slave). 


PVER 
A high signal in Slave Programmig 
Mode and Auto Configuration 
Byte Programming 
Mode 
indicates 
the byte programmed 
correctly. 


AINC 
Auto Increment. 
Active low input signal indicates 
that the auto increment 
mode is enabled. 
Auto Increment 
will allow reading or writing of sequential 
EPROM locations 
without 
address 
transactions 
across the PBUS for each read or write. 


ELECTRICAL 
CHARACTERISTICS 
ABSOLUTE 
MAXIMUM 
RATINGS* 


Ambient 
Temperature 
Under Bias 
- 55°C to + 125°C 


Storage Temperature 
, 
- 65°C to + 150°C 


Voltage 
On Any Pin to Vss 
-0.5V 
to + 7.0V(1) 


Voltage 
from EA or 
Vpp to Vss or ANGND 
+ 13.00V 


Power Dissipation 
1.5W(2) 


NOTE: 
1. This includes Vpp and EA on ROM or CPU only devices. 
2. Power dissipation is based on package heat transfer lim- 
itations. not device power consumption. 


NOTICE: This data sheet contains 
preliminary 
infor- 
mation on new products in production. 
It is valid for 
the 
devices 
indicated 
in the 
revision 
history. 
The 
specifications 
are subject to change without notice. 


• WARNING: Stressing the device beyond the "Absolute 
Maximum Ratings" 
may cause permanent 
damage. 
These are stress ratings only. Operation beyond the 
"Operating Condi!ions" is not recommended and ex- 
tended exposure beyond the "Operating Conditions" 
may affect device reliability. 


Symbol 
Description 
Mln 
Max 
Units 


TA 
Ambient Temperature Under Bias Commercial Temp. 
0 
+70 
°C 


TA 
Ambient Temperature Under Bias Extended Temp. 
-40 
+85 
°C 


Vcc 
Digital Supply Voltage 
4.50 
5.50 
V 


VREF 
Analog Supply Voltage 
4.00 
5.50 
V 


ANGND 
Analog Ground Voltage 
Vss - 
0.4 
Vss + 0.4 
V(1) 


Fosc 
Oscillator Frequency (8XC196KC) 
8 
16 
MHz 


Fosc 
Oscillator Frequency (8XC196KC20) 
8 
20 
MHz 


NOTE: 
,,- 


1. ANGND and Vss should be nominally at the same potential. 


Symbol 
Description 
Min 
Typ 
Max 
Units 
Test Conditions 


VIL 
Input Low Voltage 
-0.5 
0.8 
V 


VIH 
Input High Voltage 
(Note 1) 
0.2 Vcc 
+ 1.0 
Vcc + 0.5 
V 


VIH1 
Input High Voltage on XTAL 1 
0.7 Vcc 
Vcc + 0.5 
V 


VIH2 
Input High Voltage on RESET 
2.2 
Vcc 
+ 0.5 
V 
- 


VHYS 
Hysteresis 
on RESET 
300 
mV 
VCC = 5.0V 


VOL 
Output 
Low Voltage 
0.3 
V 
IOL = 200 IJ-A 
0.45 
V 
IOL = 2.8mA 
1.5 
V 
IOL = 7 mA 


Vou 
Output 
Low Voltage 
0.8 
V 
IOL = +0.4 
mA 
in RESET on P2.5 (Note 2) 


VOH 
Output 
High Voltage 
Vcc 
- 
0.3 
V 
IOH = -200 
IJ-A 
(Standard 
Outputs) 
Vcc 
- 
0.7 
V 
IOH = -3.2 
mA 
Vcc 
- 
1.5 
V 
IOH = -7mA 


Symbol 
Description 
Min 
Typ 
Max 
Units 
Test Conditions 


VOH1 
Output 
High Voltage 
Vcc 
- 
0.3 
V 
IOH = -10/-LA 
(Quasi-bidirectional 
Outputs) 
Vcc 
- 
0.7 
V 
IOH = -30/-LA 
Vcc-1.5 
V 
IOH = -60/-LA 


IOH1 
Logical 
1 Output Current in Reset. 
-0.8 
mA 
VIH = Vcc 
- 
1.5V 


on P2.0. Do not exceed this 
or device may enter test modes. 


IIL2 
Logical 0 Input Current in Reset 
TBD 
mA 
VIN = 0.45V 
on P2.0. Maximum 
current that 
- 


must be sunk by external 
device to ensure test mode entry. 


IIH1 
Logical 
1 Input Current. 
+200 
/-LA 
VIN = Vcc = 2.4V 
Maximum 
current that external 
device must source to initiate NMI. 


Iu 
Input Leakage 
Current (Std. Inputs) 
±10 
/-LA 
0< 
VIN < Vcc 
- 
0.3V 


IU1 
Input Leakage 
Current (Port 0) 
±3 
/-LA 
0< 
VIN < VREF 


ITL 
1 to 0 Transition 
Current (QBD Pins) 
-650 
/-LA 
VIN = 2.OV 


IlL 
Logical 0 Input Current (QBD Pins) 
-70 
/-LA 
VIN = 0.45V 


IIL1 
Ports 3 and 4 in Reset 
-70 
/-LA 
VIN = 0.45V 


Icc 
Active Mode Current in Reset 
65 
75 
mA 
XTAL 1 = 16 MHz 


(8XC196KC) 
Vcc 
= Vpp = VREF = 5.5V 


Icc 
Active Mode Current in Reset 
80 
92 
mA 
XTAL1 
= 20 MHz 


(8XC196KC20) 
Vcc 
= Vpp = VREF = 5.5V 


IIDLE 
Idle Mode Current (8XC196KC) 
17 
25 
mA 
XTAL 1 = 16 MHz 
VCC = Vpp = VREF = 5.5V 


IIDLE 
Idle Mode Current (8XC196KC20) 
21 
30 
mA 
XTAL1 = 20 MHz 
VCC = Vpp = VREF = 5.5V 


IpD 
Powerdown 
Mode Current 
8 
15 
/-LA 
Vcc = VPP = VREF = 5.5V 


IREF 
AID 
Converter 
Reference 
Current 
2 
5 
mA 
Vcc 
= VPP = VREF = 5.5V 


RRST 
Reset Pullup Resistor 
6K 
65K 
n 
VCC = 5.5V, VIN = 4.0V 


Cs 
Pin Capacitance 
(Any Pin to VSS) 
10 
pF 


NOTES: 
1. All pins except RESET and XTAL1. 
2. Violating these specifications in Reset may cause the part to enter test modes. 
3. Commercial specifications apply to express parts except where noted. 
4. QSD (Quasi-bidirectional) pins include Port 1, P2.6 and P2.7. 
5. Standard Outputs include ADO-15, RD, WR, ALE, BHE, INST, HSO pins, PWM/P2.5, CLKOUT, RESET, Ports 3 and 4, 
TXD/P2.0 
and RXD (in serial mode 0). The VOHspecification is not valid for RESET. Ports 3 and 4 are open·drain outputs. 


6. Standard Inputs include HSI pins, READY, SUSWIDTH, RXD/P2.1, EXTINT/P2.2, T2CLK/P2.3 and T2RST/P2.4. 
7. Maximum current per pin must be externally limited to the following values if VOL is held above OA5V or VOH is held 
below Vcc - 
0.7V: 


IOLon Output pins: 10 mA 
IOHon quasi-bidirectional pins: self limiting 
IOHon Standard Output pins: 10 mA 
8. Maximum current per bus pin (data and control) during normal operation is ± 3.2 mA. 
9. During normal (non-transient) conditions the following total current limits apply: 


Port 1, P2.6 
IOL:29 mA 
IOHis self limiting 
HSO, P2.0, RXD, RESET 
IOL:29 mA 
IOH:26 mA 
P2.5, P2.7, WR, SHE 
IOL:13 mA 
IOH:11 mA 
ADO-AD15 
IOL:52 mA 
IOH:52 mA 
RD, ALE, INST-CLKOUT 
IOL:13 mA 
IOH:13 mA 


intel~ 


100 


90 
80 


70 


60 


mA 
50 


40 


30 


20 


10 


0 
0 


'oLE Iola. 


'oLE Typ 


4.0 
8.0 
12.0 
16.0 
20.0 


Freq (IolHz) 


lee Max = 4.13 x Frequency 
+ 9 mA 
lee Typ = 3.50 x Frequency 
+ 9 mA 
IIDLE Max = 1.25 x Frequency 
+ 5 mA 
IIDLE Typ = 0.88 x Frequency 
+ 3 mA 


NOTE: 
Frequencies 
below 
8 MHz are shown 
for reference 
only; no testing 
is performed. 


AC CHARACTERISTICS 
For use over specified 
operating 
conditions. 


Test Conditions: 
Capacitive 
load on all pins = 100 pF, Rise and fall times 
= 10 ns, Fosc 
= 16 MHz 


Symbol 
Description 
Mln 
Max 
Units 
Notes 


TAVYV 
Address 
Valid to READY Setup 
2 Tosc 
- 
68 
ns 


TYLYH 
Non READY Time 
No upper limit 
ns 


TCLYX 
READY Hold after CLKOUT 
Low 
0 
Tosc 
- 
30 
ns 
(Note 1) 


TLLYX 
READY Hold after ALE Low 
Tosc 
- 
15 
2 Tosc 
- 
40 
ns 
(Note 1) 


TAVGV 
Address 
Valid to Buswidth 
Setup 
2 Tosc 
- 
68 
ns 


TCLGX 
Buswidth 
Hold after CLKOUT 
Low 
0 
ns 


TAVDV 
Address 
Valid to Input Data Valid 
3 Tosc 
- 
55 
ns 
(Note 2) 


TRLDV 
RD Active to Input Data Valid 
Tosc 
- 
22 
ns 
(Note 2) 


TCLDV 
CLKOUT 
Low to Input Data Valid 
Tosc 
- 
45 
ns 


TRHDZ 
End of RD to Input Data Float 
Tosc 
ns 


TRXDX 
Data Hold after RD Inactive 
0 
ns 


NOTES: 
1. If max is exceeded, 
additional 
wait states 
will occur. 


2. If wait states 
are used. add 2 Tase 
• N. where 
N = number 
of wait states. 
• 


AC CHARACTERISTICS 
(Continued) 
For user over specified 
operating 
conditions. 


Test Conditions: 
Capacitive 
load on all pins = 100 pF, Rise and fall times 
= 10 ns, Fosc 
= 16 MHz 


Symbol 
Description 
Min 
Max 
Units 
Notes 


FXTAL 
Frequency 
on XTAL1 (8XC196KC) 
8 
16 
MHz 
(Note 1) 


FXTAL 
Frequency 
on XTAL 1 (8XC196KC20) 
8 
20 
MHz 
(Note 1) 


Tosc 
I/FxTAL (8XC196KC) 
62.5 
125 
ns 


TOSC 
I/FxTAL (8XC196KC20) 
50 
125 
ns 


TXHCH 
XTAL 1 High to CLKOUT 
High or Low 
+20 
+ 110 
ns 


TCLCL 
CLKOUT 
Cycle Time 
2 TOSC 
ns 


TCHCL 
CLKOUT 
High Period 
Tosc 
- 
10 
Tosc+15 
ns 


TCLLH 
CLKOUT 
Falling Edge to ALE Rising 
-5 
+15 
ns 


TLLCH 
ALE Falling Edge to CLKOUT 
Rising 
-20 
+15 
ns 


TLHLH 
ALE Cycle Time 
4 TOSC 
ns 
(Note 4) 


TLHLL 
ALE High Period 
Tosc 
- 
10 
Tosc+10 
ns 


TAVLL 
Address 
Setup to ALE Falling Edge 
Tosc 
- 
15 


TLLAX 
Address 
Hold after ALE Falling Edge 
TOSC - 
35 
ns 


TLLRL 
ALE Falling Edge to RD Falling Edge 
Tosc 
- 
30 
ns 


TRLCL 
RD Low to CLKOUT 
Falling Edge 
+4 
+30 
ns 


TRLRH 
RD Low Period 
Tosc 
- 
5 
ns 
(Note 4) 


TRHLH 
RD Rising Edge to ALE Rising Edge 
Tosc 
Tosc 
+ 25 
ns 
(Note 2) 


TRLAZ 
RD Low to Address 
Float 
+5 
ns 


TLLWL 
ALE Falling Edge to WR Falling Edge 
Tosc 
- 
10 
ns 


TCLWL 
CLKOUT 
Low to WR Falling Edge 
0 
+25 
ns 


TQVWH 
Data Stable to WR Rising Edge 
Tosc 
- 
23 
(Note 4) 


TCHWH 
CLKOUT 
High to WR Rising Edge 
-5 
+15 
ns 


TWLWH 
WR Low Period 
Tosc 
- 
20 
ns 
(Note 4) 


TWHQX 
Data Hold after WR Rising Edge 
Tosc 
- 
25 
ns 


TWHLH 
WR Rising Edge to ALE Rising Edge 
Tosc 
- 
10 
TOSC + 15 
ns 
(Note 2) 


TWHBX 
SHE, INST after WR Rising Edge 
Tosc 
- 
10 
ns 


TWHAX 
AD8-15 
HOLD after WR Rising 
Tosc 
- 
30 
ns 
(Note 3) 


TRHBX 
SHE, INST after RD Rising Edge 
Tosc 
- 
10 
ns 


TRHAX 
AD8-15 
HOLD after RD Rising 
Tosc 
- 
25 
ns 
(Note 3) 


NOTES: 
1. Testing 
performed 
at 8 MHz. However, 
the device 
is static 
by design 
and will typically 
operate 
below 
1 Hz. 


2. Assuming 
back-to-back 
bus cycles. 


3. 8-Bit bus only. 
4. If wait states 
are used, add 2 Tasc 
• N, where 
N = number 
of wait states. 


ADDRESS 
OUT 


T 
AVDV 
_1 
_ 
I-- TLLWL 


BUS --<.. 
A_D_D_R_ES_S_O_U_T 
_ 
I 


DATA 
OUT 
~\01(•..._A_D_DR_E_S_S 
_ 


LTRHBX 


iTwHBX 


• 


~-~_\ 


)..---------- 


Symbol 
Description 
Min 
Max 
Units 
Notes 


THVCH 
HOLD Setup 
+55 
ns 
(Note 1) 


TCLHAL 
CLKOUT 
Low to HLDA Low 
-15 
+15 
ns 


TCLBRL 
CLKOUT 
Low to SREQ Low 
-15 
+15 
ns 


THALAZ 
HLDA Low to Address 
Float 
+15 
ns 


THALBZ 
HLDA Low to SHE, INST, RD, WR Weakly 
Driven 
+20 
ns 


TCLHAH 
CLKOUT 
Low to HLDA High 
-15 
+15 
ns 


TCLBRH 
CLKOUT 
Low to SREQ High 
-15 
+15 
ns 


THAHAX 
HLDA High to Address 
No Longer Float 
-15 
ns 


THAHBV 
HLDA High to SHE, INST, RD, WR Valid 
-10 
+15 
ns 


TCLLH 
CLKOUT 
Low to ALE High 
-5 
+15 
ns 


NOTE: 
1. To guarantee 
recognition 
at next clock. 


Description 
Min 
Max 
Units 


Weak Pullups on ADV, RD, 
50K 
250K 
Vcc = 5.5V, VIN = 0.45V 
WR, WRL, SHE 


Weak Pulldowns 
on 
10K 
50K 
VCC = 5.5V, VIN = 2.4 
ALE,INST 


• 


BUS --<--8------ 


BHE.INST 
Ro,WR 


WRL, 
WRH 


THAlBZ 


5 
I 


5 I 


ALE 
I\. 
-./ 
'--------I \ 


AOV~ 


TCLLH 


Weakly 
Driven 


Inactive 


Bus Cycle Type 


Internal Execution 
1.5 States 


16-Bit External Execution 
2.5 States 


a-Bit External 
Execution 
4.5 States 


Symbol 
Parameter 
Min 
Max 
Units 


1IT XLXL 
Oscillator 
Frequency 
a 
16.0 
MHz 


TXLXL 
Oscillator 
Period 
62.5 
125 
ns 


TXHXX 
High Time 
20 
ns 


TXLXX 
Low Time 
20 
ns 


TXLXH 
Rise Ti,ne 
10 
ns 


TXHXL 
FaliTh 
le 
10 
ns 


Symbol 
Parameter 
Mln 
Max 
Units 


1/TxLXL 
Oscillator 
Frequency 
8 
20.0 
MHz 


TXLXL 
Oscillator 
Period 
50 
125 
ns 


TXHXX 
High Time 
17 
ns 


TXLXX 
Low Time 
17 
ns 


TXLXH 
Rise Time 
8 
ns 


TXHXL 
Fall Time 
8 
ns 


NOTE: 
Keep 
oscillator 
components 
close 
to 
chip 
and 
use 


short, 
direct 
traces 
to XT AL 1, XT AL2 
and Vss. 
When 


using crystals, 
C1 = C2 ::: 20 pF. When 
using ceramic 


resonators, 
consult 
manufacturer 
for recommended 
cir- 


cuitry. 


NOTE: 
'Required 
if TIL 
driver 
used. 


Not needed 
if CMOS 
driver 
is used. 


2.4~ 
2.0> 
TESTPOINTS<2.0>C 
~O~ 
O~. 
0.45 
-----------' 


270942-22 


AC Testing inputs are driven at 2.4V for a Logic "1" and 0.45V for 
a Logic "0" Timing measurements are made at 2.0V for a Logic 
"1" and O.BVfor a Logic "0". 


VLOAO+0.15V 
VOH-0.15V 


VLOAO 
..•.......... 
TIMING REFERENCE 
_ 
-- 
POINTS 
---... 


VLOAO-0.15 V 
VOL+0.15 V 


270942-23 
For Timing Purposes a Port Pin is no Longer Floating when a 
150 mV change from Load Voltage Occurs and Begins to Float 
when a 150 mV change from the Loaded VOHIVOLLevel occurs; 
IOL/IOH ~ 
± 15 mA. 
• 


Each symbol 
is two pairs of letters 
prefixed 
by "T" 
for time. The characters 
in a pair indicate 
a signal and its 
condition, 
respectively. 
Symbols 
represent 
the time between 
the two signal/condition 
points. 


Conditions: 


H- 
High 


L- 
Low 


V- 
Valid 


X- 
No Longer Valid 
Z- 
Floating 


Signals: 


A- 
Address 


B- 
BHE 


C- 
CLKOUT 


D- 
DATA 


G- 
Buswidth 


H- 
HOLD 


HA-HLDA 


L- 
ALE/ADV 


BR- 
BREQ 


R- 
RD 


W- 
WR/WRH/WRL 


X- 
XTAL1 


Y- 
READY 


Q- 
Data Out 


Symbol 
Parameter 
Mln 
Max 
Units 


TXLXL 
Serial Port Clock Period (BRR ~ 8002H) 
6 Tosc 
ns 


TXLXH 
Serial Port Clock Falling Edge 
4 Tosc 
-50 
4 Tosc 
+50 
ns 
to Rising Edge (BRR ~ 8002H) 


TXLXL 
Serial Port Clock Period (BRR = 8001 H) 
4 Tosc 
ns 


TXLXH 
Serial Port Clock Falling Edge 
2 Tosc 
-50 
2 Tosc 
+50 
ns 
to Rising Edge (BRR = 8001 H) 


TQVXH 
Output Data Setup to Clock Rising Edge 
2 Tosc 
- 
50 
ns 


TXHQX 
Output Data Hold after Clock Rising Edge 
2 Tosc 
- 
50 
ns 


TXHQV 
Next Output Data Valid after Clock Rising Edge 
2 Tosc 
+ 50 
ns 


TDVXH 
Input Data Setup to Clock Rising Edge 
Tosc 
+50 
ns 


TXHDX 
Input Data Hold after Clock Rising Edge 
0 
ns 


TXHQZ 
Last Clock Rising to Output Float 
1 Tosc 
ns 


A to D CHARACTERISTICS 
The AID 
converter 
is ratiometric, 
so absolute 
accuracy 
is dependent 
on the accuracy 
and stability 
of VREF. 


Symbol 
Description 
Min 
Max 
Units 


TA 
Ambient 
Temperature 
Commercial 
Temp. 
0 
+70 
°c 


TA 
Ambient 
Temperature 
Extended 
Temp. 
-40 
+85 
°c 


Vcc 
Digital Supply Voltage 
4.50 
5.50 
V 


VREF 
Analog Supply Voltage 
4.00 
5.50 
V 


TSAM 
Sample Time 
1.0 
I-I-s(1) 


TCONV 
Conversion 
Time 
10 
20 
I-I-s(1) 


Fosc 
Oscillator 
Frequency 
(8XC196KC) 
8.0 
16.0 
MHz 


Fosc 
Oscillator 
Frequency 
(8XC196KC20) 
8.0 
20.0 
MHz 


NOTE: 
ANGND and Vss should nominally be at the same potential, O.OOV. 
1. The value of AD_TIME is selected to meet these specifications. 


Parameter 
Typicaj(1) 
Minimum 
Maximum 
Units· 
Notes 


Resolution 
1024 
1024 
Levels 
10 
10 
Bits 


Absolute 
Error 
0 
±3 
LSBs 


Full Scale Error 
0.25 ± 0.5 
LSBs 


Zero Offset Error 
0.25 ± 0.5 
LSBs 


Non-Linearity 
1.0 ± 2.0 
0 
±3 
LSBs 


Differential 
Non-Linearity 
Error 
> -1 
+2 
LSBs 


Channel-to-Channel 
Matching 
±0.1 
0 
±1 
LSBs 


Repeatability 
±0.25 
LSBs 


Temperature 
Coefficients: 
Offset 
0.009 
LSBrC 
Full Scale 
0.009 
LSBrC 
Differential 
Non-Linearity 
0.009 
LSBrC 


Off Isolation 
-60 
dB 
1,2 


Feedthrough 
-60 
dB 
1 


Vcc Power Supply Rejection 
-60 
dB 
1 


Input Series Resistance 
750 
1.2K 
n 
4 


Voltage 
on Analog 
Input Pin 
ANGND 
- 0.5 
VREF + 0.5 
V 
5,6 


DC Input Leakage 
0 
±3.0 
I-I-A 


Sampling 
Capacitor 
3 
pF 


NOTES: 
'An "LSB" as used here has a value of approxiimateiy 5 mY. (See Embedded Microcontrollers and Processors Handbook 
for AID glossary of terms). 
1. These values are expected for most parts at 25·C but are not tested or guaranteed. 
2. DC to 100 KHz. 
3. Multiplexer Break-Before-Make is guaranteed. 
4. Resistance from device pin, through internal MUX, to sample capacitor. 
5. These values may be exceeded if the pin current is limited to ± 2 mA. 
6. Applying voltages beyond these specifications will degrade the accuracy of all channels being converted. 
7. All conversions performed with processor in IDLE mode. 


Symbol 
Description 
Min 
Max 
Units 


TA 
Ambient 
Temperature 
Commercial 
Temp. 
0 
+70 
·C 


TA 
Ambient 
Temperature 
Extended 
Temp. 
-40 
+85 
·C 


Vee 
Digital Supply Voltage 
4.50 
5.50 
V 


VREF 
Analog Supply Voltage 
4.00 
5.50 
V 


TSAM 
Sample Time 
1.0 
/-Ls(l) 


TeONV 
Conversion 
Time 
7 
20 
/-Ls(l) 


Fose 
Oscillator 
Frequency 
(8XC196KC) 
8.0 
16.0 
MHz 


Fose 
Oscillator 
Frequency 
(8XC196KC20) 
8.0 
20.0 
MHz 


NOTE: 
ANGND and Vss should nominally be at the same potential, O.OOV. 
1. The value of AD_TIME 
is selected to meet these specifications. 


Parameter 
Typical 
Minimum 
Maximum 
Units· 
Notes 


Resolution 
256 
256 
Levels 
8 
8 
Bits 


Absolute 
Error 
0 
±1 
LSBs 


Full Scale Error 
±0.5 
LSBs 


Zero Offset Error 
±0.5 
LSBs 


Non-Linearity 
0 
±1 
LSBs 


Differential 
Non-Linearity 
Error 
> -1 
+1 
LSBs 


Channel-to-Channel 
Matching 
±1 
LSBs 


Repeatability 
±0.25 
LSBs 


Temperature 
Coefficients: 


Offset 
0.003 
LSBrC 
Full Scale 
0.003 
LSBrC 
Differential 
Non-Linearity 
0.003 
LSBrC 


Off Isolation 
-60 
dB 
2,3 


Feedthrough 
-60 
dB 
2 


Vee Power Supply Rejection 
-60 
dB 
2 


Input Series Resistance 
750 
1.2K 
Os 
4 


Voltage 
on Analog 
Input Pin 
Vss 
- 0.5 
VREF + 0.5 
V 
5,6 


DC Input Leakage 
0 
±3.0 
/-LA 


Sampling 
Capacitor 
3 
pF 


NOTES: 
·An "LSS" as used here has a value of approximately 20 mY. (See Embedded Microcontrollers and Processors Handbook 
for AID glossary of terms). 
1. These values are expected for most parts at 25°C but are not tested or guaranteed. 
2. DC to 100 KHz. 
3. Multiplexer Sreak-Sefore-Make is guaranteed. 
4. Resistance from device pin, through internal MUX, to sample capacitor. 
5. These values may be exceeded if pin current is limited to ± 2 mA. 
6. Applying voltages beyond these specifications will degrade the accuracy of all channels being converted. 
7. All conversions performed with processor in IDLE mode. 


Symbol 
Description 
Min 
Max 
Units 


TA 
Ambient 
Temperature 
During Programming 
20 
30 
C 


Vcc 
Supply Voltage 
During Programming 
4.5 
5.5 
V(1) 


VREF 
Reference 
Supply Voltage 
During Programming 
4.5 
5.5 
V(1) 


Vpp 
Programming 
Voltage 
12.25 
12.75 
V(2) 


VEA 
EA Pin Voltage 
12.25 
12.75 
V(2) 


Fosc 
Oscillator 
Frequency 
During Auto and Slave 
6.0 
8.0 
MHz 
Mode Programming 


Fosc 
Oscillator 
Frequency 
During 
6.0 
16.0 
MHz 
Run-Time 
Programming 
(8XC196KC) 


Fosc 
Oscillator 
Frequency 
During 
6.0 
20.0 
MHz 
Run-Time 
Programming 
(8XC196KC20) 


NOTES: 
1. Vcc and VREFshould nominally be at the same voltage during programming. 
2. Vpp and VEA must never exceed the maximum specification, or the device may be damaged. 
3. Vss and ANGND should nominally be at the same potential (OV). 
4. Load capacitance during Auto and Slave Mode programming = 150 pF. 


Symbol 
Description 
Mln 
Max 
Units 


TSHLL 
Reset High to First PALE Low 
1100 
Tosc 


TLLLH 
PALE Pulse Width 
50 
Tosc 


TAVLL 
Address 
Setup Time 
0 
TosC 


TLLAX 
Address 
Hold Time 
100 
TosC 


TpLDV 
PROG Low to Word Dump Valid 
50 
TOSC 


TpHDX 
Word Dump Data Hold 
50 
Tosc 


TOVPL 
Data Setup Time 
0 
Tosc 


TpLDX 
Data Hold Time 
400 
Tosc 


TpLPH(1) 
PROG Pulse Width 
50 
Tosc 


TpHLL 
PROG High to Next PALE Low 
220 
Tosc 


TLHPL 
PALE High to PROG Low 
220 
TosC 


TpHPL 
PROG High to Next PROG Low 
220 
Tosc 


TpHIL 
PROG High to AINC Low 
0 
Tosc 


TILIH 
AINC Pulse Width 
240 
Tosc 


TILVH 
PVER Hold after AINC Low 
50 
Tosc 


TILPL 
AINC Low to PROG Low 
170 
Tosc 


TpHVL 
PROG High to PVER Valid 
220 
Tosc 


NOTE: 
1. This specification is for the Word Dump Mode. For programming pulses, use the Modified Quick Pulse Algorithm. See 
user's manual for further information. 


• 


Symbol 


Ipp 


Description 


Vpp Supply Current (When Programming) 


NOTE: 
Do not apply Vpp until Vcc is stable and within specifications and the oscillator/clock has stabilized or the device may be 
damaged. 


NOTE: 
P3.0 must be high ("1") 


NOTE: 
P3.0 must be low ("0") 


intel~ 


SLAVE 
PROGRAMMING 
MODE TIMING 
IN DATA 
PROGRAM 
WITH 
REPEATED 
PROG PULSE AND AUTO 
INCREMENT 


ADDR 
ADDR 
ADDR + 2 


----_( 
ADDR/CD •••• AND >---< 
DATA 
),.--_~ 
DATA >- 


8XC196KB 
TO 8XC196KC 
DESIGN 
CONSIDERATIONS 


1. Memory 
Map. The 8XC196KC 
has 512 bytes of 
RAM/SFRs 
and 
an 
optional 
16K 
of 
ROM/OTPROM. 
The extra 256 bytes of RAM will 
reside in locations 
100H-1 
FFH and the extra 8K 
of 
ROM/OTPROM 
will 
reside 
in 
locations 
4000H-5FFFH. 
These 
locations 
are 
external 
memory 
on the 8XC196KB. 


2. The CDE pin on the KB has become 
a Vss pin on 
the KC to support 
16/20 
MHz operation. 


3. EPROM 
programming. 
The 8XC196KC 
has a dif- 
ferent 
programming 
algorithm 
to support 
16K of 
on-board 
memory. 
When 
performing 
Run-Time 
Programming, 
use 
the 
section 
of 
code 
in the 
8XC196KC 
User's Guide. 


4. ONCE 
Mode 
Entry. The ONCE 
mode 
is entered 
on the 8XC196KC 
by driving the TXD pin low on 
the rising edge of RESET. 
The TXD pin is held 
high by a pull up that 
is specified 
by 
IOH1. 
This 
Pullup must not be overridden 
or the 8XC196KC 
will enter the ONCE mode. 


5. During 
the 
bus 
HOLD 
state, 
the 
8XC196KC 
weakly 
holds 
RD, WR, ALE, 
BHE and 
INST 
in 
their 
inactive 
states. 
The 8XC196KB 
only 
holds 
ALE in its inactive 
state. 


6. A RESET pulse from the 8XC196KC 
is 16 states 
rather than 4 states as on the 8XC196KB 
(Le., a 
watchdog 
timer overflow). 
This provides 
a longer 
RESET pulse for other devices 
in the system. 


1. Missed 
EXTINT 
on PO.7. 


The 
80C196KC20 
could 
possibly 
miss 
an 
EXTINT on PO.? See techbit 
MC0893. 


This data sheet 
is valid for devices 
with a "H", 
"L" 
or "Moo at the end of the topside 
tracking 
number. 
The 
topside 
tracking 
number consists 
of nine characters 
and is the second 
line on the top side of the device. 
Data 
sheets are changed 
as new device information 
becomes 
available. 
Verify with your local Intel sales office that 


you have the latest version 
before finalizing 
a design or ordering 
devices. 


The following 
are important 
differences 
between 
the 270942-002 
and 270942-004 
data sheets: 


1. NMI during PTS, OBD port glitch and Divide HOLD/READV 
erratas were fixed and have been removed 
from the data sheet. The HSI errata is also removed 
as this is now considered 
normal 
operation. 


2. Combined 
16 and 20 MHz data sheets. 
Data sheet 270924-001 
(20 MHz) is now obsolete. 


3. Added 
80-lead 
SOFP package 
pinout. 


4. Added 
documentation 
for CLKOUT 
disable 
bit. 


5. ()JA for OFP package 
was changed 
to 55°C/W 
from 42°C/W. 


6. ()JC for OFP package 
was changed 
to 16°C/W 
from TBDoC/W. 


7. TSAM (MIN) in 10-bit mode was changed 
to 1.0 /-l-sfrom 3.0 /-l-s. 


8. TSAM (MIN) in 8-bit mode was changed 
to 1.0 /-l-sfrom 2.0 /-l-s. 


9. 
IlL1 specification 
for port 2.0 was renamed 
IIL2. 


10. 
IIL2 (MAX) is changed 
to TBD from - 
6 mA. 


11. 
IIH1 (MAX) is changed 
to + 200 /-l-Afrom + 100 /-l-A. 


12. 
IIH1 test condition 
changes 
to VIN = 2.4V from VIN = 5.5V. 


13. VHYS is changed 
to 300 mV from 150 mY. 


14. 
lec (TVP) at 16 MHz is changed 
to 65 mA from 50 mA. 


15. 
Icc (MAX) at 16 MHz is changed 
to 75 mA from 70 mA. 


16. 
Icc (TVP) at 20 MHz is changed 
to 80 mA from 60 mA. 


17. 
Ice (MAX) at 20 MHz is changed 
to 92 mA from 86 mA. 


18. 
IIDLE (TVP) at 16 MHz is changed 
to 17 mA from 15 mA. 


19. 
IIDLE (MAX) at 16 MHz is changed 
to 25 mA from-30 mA. 


20. 
IIDLE (TVP) at 20 MHz is changed 
to 21 mA from 15 mA. 


21. 
IIDLE (MAX) at 20 MHz is changed 
to 30 mA from 35 mA. 


22. 
IpD (TVP) at 16 MHz is changed 
to 8 /-l-Afrom 15 /-l-A. 


23. 
IpD (MAX) at 16 MHz is changed 
to 15 /-l-Afrom TBD. 


24. 
IpD (TVP) at 20 MHz is changed 
to 8 /-l-Afrom 18 /-l-A. 


25. 
IpD (MAX) at 20 MHz is changed 
to 15 /-l-Afrom TBD. 


26. 
TCLDV (MAX) is changed 
to Tosc 
- 45 ns from Tosc 
- 
50 ns. 


27. 
hLAX 
(MIN) is changed 
to TOSC -35 
ns from Tosc 
- 
40 ns. 


28. 
TCHWH (MIN) is changed 
to - 5 ns from -10 
ns. 


29. 
TRHAX (MIN) is changed 
to Tosc 
- 
25 ns from Tosc 
- 
30 ns. 


30. 
THALAZ (MAX) is changed 
to + 15 ns from + 10 ns. 


31. 
THALBZ (MAX) is changed 
to + 20 ns from + 15 ns. 


32. 
THAHBV (MAX) is now specified 
at + 15 ns, was formerly 
unspecified. 


33. 
The TLLYV and TLLGV specifications 
were removed. 
These 
specifications 
are not required 
in high-speed 
systems 
designs. 


34. 
Added 
EXTINT, 
PO.7 errata to Errata section. 


The following 
are the important 
differences 
between 
the -001 and -002 versions 
of data sheet 270942. 


1. Express and Commercial 
devices are combined 
into one data sheet. The Express only data sheet 
270794-001 
is obsolete. 


2. Removed 
KB/KC 
feature 
set differences, 
pin definition 
table, and SFR locations 
and bitmaps. 


3. Added 
programming 
pin function 
to package 
drawings 
and pin descriptions. 


4. Changed 
absolute 
maximum 
temperature 
under bias from O°C to + 70°C to - 55°C to + 125°C. 


5. Replaced 
VOH2 specification 
with IOH1 and IlL1 specifications. 


6. Added 
IIH1 specification 
for NMI pulldown 
resistors. 


7. Added 
maximum 
hold latency 
table. 


8. Added 
ex1ernal oscillator 
and external 
clock 
circuit drawings. 


9. Changed 
Clock Drive TXHXX and TXLXX Min spec to 20 ns. 


10. 
Fixed Serial Port TXLXH specification. 


11. Added 
8- and 10-bit mode AID 
operating 
conditions 
tables. 


12. Specified 
operating 
range for sample 
and convert 
times. 


13. Added 
specification 
for voltage 
on analog 
input pin. 


14. 
Put operating 
conditions 
for EPROM 
programming 
into tabular 
format. 


The following 
differences 
exist between 
data sheet 270942-001 
and 270741-003. 


1. ONCE MODE VIL errata removed. 


2. VREF Min changed 
from 4.5V to 4.0V. 


The following 
differences 
exist between 
the -002 and -003 versions 
of data sheet 270741. 


1. 80-Pin QFP package 
added, 
68-pin Cerquad 
package 
deleted. 


2. The following 
DC Characteristics 
were added: 


VHYS RESET 
Hysteresis 
spec added 


IIL1' AD BUS in RESET current 
Max added 


• 


3. The following 
AC Characteristics 
were changed: 


TAVYV Max from 2Tosc-75 
to 2TOSC-68 


TAVGV Max from 2TOSc-75 
to 2Tosc-68 


TWLWH Min from Tosc-30 
to TosC-20 


TXHCH Min changed 
from 30 ns to 20 ns 


THALBZ Max changed 
from 10 ns to 15 ns 


4. Under 
10-bit AID 
Characteristics: 


Sample 
Time/Convert 
Time Testing 
Conditions 
added. 


Typical 
values added for Full Scale Error, Zero Offset 
Error, Non-Linearity 
and Channel-to-Channel 
Match- 
ing. 


Max Absolute 
Error changed 
from 
± 8 to ± 3 LSBs 


Max Non-Linearity 
changed 
from 
± 8 to ± 3 LSBs 


5. Under 8-bit Mode AID 
Characteristics: 


Max Absolute 
Error changed 
from 
± 2 to ± 1 LSBs 


Max Non-Linearity 
changed 
from 
± 2 to ± 1 LSBs 


Typical 
Full Scale Error changed 
from 
± 1 to ±0.5 
LSBs 


Typical 
Zero Offset 
Error changed 
from 
± 2 to ± 0.5 LSBs 


6. The minimum 
frequency 
at which the device 
is tested 
was changed 
to 8.0 MHz from 3.5 MHz. Thus. data 
sheet specifications 
are guaranteed 
from 8 MHz to 16 MHz. However, 
the device 
is static and will function 
below 
1 Hz. 


7. The T2CONTROL 
(T2CNTC) 
SFR was renamed 
IOC3. 


8. ONCE MODE VIL errata added. 
Other errata removed. 


9. The A-Step 
device 
corresponding 
to data sheet 
270741-002 
had bits IOC1.4 
and IOC1.6 
reversed. 
The 


problem 
was corrected 
in the B-1 Step device 
corresponding 
to data sheet 270741-003. 


The following 
are the important 
differences 
between 
the -001 and -002 versions 
of data sheet 270741. 
Please 


review this revision 
history carefully. 


1. The 83C196KC 
(ROM) was added to the product 
line. 


2. The OTP version 
of the EPROM was added to the product 
line. 


3. HOLD/HLDA 
Specifications 
were added. 


4. The IOL test condition 
on VOl1 has changed 
to -0.5 
mA from 
-0.4 
mA. 


5. The IOH test condition 
VOH2 has changed 
to 0.8 mA from 
1.4 mA. 


6. BMOVi errata was added. 


7. Errata was added for the HSI resolution 
and first event anomalies. 


8. Errata was added for the serial port Framing 
Error anomaly. 


8XC 196KD/8XC 196KD20 
COMMERCIAL 
CHMOS MICROCONTROLLER 


• 16 MHz and 20 MHz Available 
• Full Duplex Serial Port 
• 1000 Byte Register 
RAM 
• High Speed 
I/O Subsystem 
• Register-to-Register 
Architecture 
• 16-Bit Timer 
• 28 Interrupt 
Sources/16 
Vectors 
• 16-Bit Up/Down 
Counter 
with Capture 
• Peripheral 
Transaction 
Server 
• 3 Pulse-Width-Modulated 
Outputs 
• 1.4 J-Ls16 x 16 Multiply (20 MHz) 
• Four 16-Bit Software 
Timers 
• 2.4 J-Ls32/16 
Divide (20 MHz) 
• 8- or 10-Bit A/D 
Converter 
with 
• Powerdown 
and Idle Modes 
Sample/Hold 
• Five 8-Bit I/O Ports 
• HOLD/HLDA 
Bus Protocol 
• 16-Bit Watchdog 
Timer 
• OTP One-Time 
Programmable 
Version 
• Dynamically 
Configurable 
8-Bit or 
16-Bit Buswidth 


The 8XC196KD 
16-bit microcontroller 
is a high performance 
member 
of the MCS®-96 
microcontroller 
family. 


The 8XC196KD 
is an enhanced 
80C196KC 
device 
with 1000 bytes RAM, 16 MHz operation 
and an optional 
32 Kbytes 
of ROM/EPROM. 
Intel's 
CHMOS 
III-E process 
provides 
a high performance 
processor 
along with 
low power consumption. 


The 8XC196KD 
has a maximum 
guaranteed 
frequency 
of 16 MHz. The 8XC196KD20 
has a maximum 
guaran- 
teed 
frequency 
of 
20 
MHz. 
Unless 
otherwise 
noted, 
all references 
to the 
8XC196KD 
also 
refer 
to the 
8XC196KD20. 


Four high-speed 
capture 
inputs are provided 
to record 
times when events 
occur. 
Six high-speed 
outputs 
are 
available 
for pulse or waveform 
generation. 
The high-speed 
output can also generate 
four software 
timers 
or 
start an A/D 
conversion. 
Events 
can be based on the timer or up/down 
counter. 


PORT 
3 


1 


ADDR 
DATA 
BUS 


PORT 
4 


87C196KD 
ENHANCED 
FEATURE 
SET 
OVER THE 87C196KC 


1. The 87C196KD has twice the RAM and twice the 
OTPROM space of the 87C196KC. 


2. The vertical windowing scheme has been extend- 
ed to allow all 1000 bytes of register RAM to be 
windowed into the lower register file. 


3. A CLKOUT disable bit has been added to the 
IOC3 SFR. This can be used to reduce noise in 
systems not requiring the CLKOUT signal. 


NOTE: 
°RSV-Reserved 
bits must be = 0 


Figure 2. 87C196KD 
New SFR Bit 
(CLKOUT 
Disable) 


8XC196KD 
VERTICAL 
WINDOWING 
MAP 


Address 
to 
Device 
WSR Contents 
Remap 
Series 


0380H 
KD 
X001 0111 B = 17H 


0300H 
KD 
X001 0110B = 16H 


0280H 
KD 
X001 0101B = 15H 


0200H 
KD 
X001 0100B = 14H 


0180H 
KC,KD 
X001 0011 B = 13H 


0100H 
KC,KD 
X001 0010B = 12H 


0080H 
KC,KD 
X001 0001B = 11H 


OOOOH 
KC, KD 
X001 OOOOB= 10H 


Address 
to 
Device 
WSR Contents 
Remap 
Series 


03COH 
KD 
X010 1111 B = 2FH 


0380H 
KD 
X010 1110B = 2EH 


0340H 
KD 
X010 1101B = 2DH 


0300H 
KD 
X010 1100B = 2CH 


02COH 
KD 
X010 1011 B = 2BH 


0280H 
KD 
X010 1010B = 2AH 


0240H 
KD 
X010 1001B = 29H 


0200H 
KD 
X010 1000B = 28H 


01COH 
KC,KD 
X0100111B 
= 27H 


0180H 
KC,KD 
X010 0110B = 26H 


0140H 
KC, KD 
X0100101B 
= 25H 


0100H 
KC,KD 
X010 0100B = 24H 


OOCOH 
KC,KD 
X0100011B 
= 23H 


0080H 
KC,KD 
X010 001 OB = 22H 


0040H 
KC,KD 
X010 0001B = 21H 


OOOOH 
KC,KD 
X010 OOOOB= 20H 


Address 
to 
Device 
WSR Contents 
Remap 
Series 


03EOH 
KD 
X1011111B 
= 5FH 


03COH 
KD 
X101 1110B = 5EH 


03AOH 
KD 
X1011101B 
= 5DH 


0380H 
KD 
X1011100B 
= 5CH 


0360H 
KD 
X101 1011B = 5BH 


0340H 
KD 
X1011010B 
= 5AH 


0320H 
KD 
X1011001B 
= 59H 


0300H 
KD 
X1011000B 
= 58H 


02EOH 
KD 
X101 0111 B = 57H 


02COH 
KD 
X101 0110B = 56H 


02AOH 
KD 
X101 0101B = 55H 


0280H 
KD 
X101 0100B = 54H 


0260H 
KD 
X101 0011B = 53H 


0240H 
KD 
X101 0010B = 52H 


0220H 
KD 
X101 0001B = 51H 


0200H 
KD 
X101 OOOOB= 50H 


01EOH 
KC,KD 
X100 1111B = 4FH 


01COH 
KC,KD 
X100 1110B = 4EH 


01AOH 
KC,KD 
X100 1101B = 4DH 


0180H 
KC, KD 
X100 1100B = 4CH 


0160H 
KC,KD 
X100 1011B = 4BH 


0140H 
KC,KD 
X100 1010B = 4AH 


0120H 
KC,KD 
X100 1001B = 49H 


0100H 
KC,KD 
X100 1000B = 48H 


OOEOH 
KC,KD 
X1000111B 
= 47H 


OOCOH 
KC,KD 
X1000110B 
= 46H 


OOAOH 
KC,KD 
X1000101B 
= 45H 


0080H 
KC,KD 
X100 0100B = 44H 


0060H 
KC,KD 
X1000011B 
= 43H 


0040H 
KC,KD 
X1000010B 
= 42H 


0020H 
KC,KD 
X100 0001B = 41H 


OOOOH 
KC,KD 
X1000000B 
= 40H • 


This device 
is manufactured 
on PX29.5, 
a CHMOS 
III-E process. 
Additional 
process 
and reliability 
infor- 
mation 
is available 
in Intel's 
Components 
Quality 
and Reliability 
Handbook, 
Order Number 
210997. 


~ 


x ~c-L 


1 


~ §!S ~ ~o.';'.SP"d' 


No 
Mark'" 
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KO 
Product 
Family 


CHMOS Te<:""01091 


Pr09fom 
""emory Options: 
7 Z [PROW 
(Note 
1) 
'------------Poekog. 
Tyf>lt 
Options: 
N:::U-leod 
Plee 
S::: 80-I~d 
OFP 
58'" eO-lead 
SQFP 


EXAMPLE: 
N87C196KD20 
is 
68-Lead 
PLCC 
OTPROM, 20 MHz. 
For complete package dimensional data, refer to the 
Intel Packaging Handbook (Order Number 240800). 


NOTE: 
1. EPROMs are available as One Time Programmable 
(OTPROM) only. 


Figure 
3. The 8XC196KD 
Family 
Nomenclature 


Package 
8Ja 
8Jc 
Type 


PLCC 
35°C/W 
13°C/W 


OFP 
56°C/W 
12°C/W 


SOFP 
TBD 
TBD 


All thermal impedance data is approximate for static air 
conditions at 1W of power dissipation. Values will change 
depending on operation conditions and application. See 
the Intel Packaging 
Handbook 
(order number 240800) for a 
description of Intel's thermal impedance test methodology. 


Description 
Address 


External 
Memory or I/O 
OFFFFH 
OAOOOH 


Internal ROM/EPROM 
or External 
9FFFH 


Memory (Determined 
by EA) 
20BOH 


Reserved. 
Must contain 
FFH. 
207FH 


(Note 5) 
205EH 


PTS Vectors 
205DH 
2040H 


Upper Interrupt 
Vectors 
203FH 
2030H 


ROM/EPROM 
Security 
Key 
202FH 
2020H 


Reserved. 
Must contain 
FFH. 
201FH 


(Note 5) 
201AH 


Reserved. 
Must Contain 
20H 
2019H 


(Note 5) 


CCB 
201BH 


Reserved. 
Must contain 
FFH. 
2017H 


(Note 5) 
2014H 


Lower Interrupt Vectors 
2013H 
2000H 


Port 3 and Port 4 
1FFFH 


Word Addressable 
Only 
1FFEH 


External 
Memory 
1FFDH 
0400H 


1000 Bytes Register 
RAM (Note 1) 
03FFH 
001BH 


CPU SFR's (Notes 1, 3) 
0017H 
OOOOH 


NOTES: 
1. Code executed in locations OOOOHto 03FFH will be 
forced external. 
2. Reserved memory locations must contain OFFH unless 
noted. 
3. Reserved SFR bit locations must contain O. 
4. Refer to 8XC196KC for SFR descriptions. 
5. WARNING: Reserved memory locations must not be 
written or read. The contents and/or function of these lo- 
cations may change with future revisions of the device. 
Therefore, a program that relies on one or more of these 
locations may not function properly. 
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Figure 4. 68-Pln PLCC Package 
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NOTE: 
N.C. means 
No Connect 
(do not connect 
these 
pins). 


Figure 5. SO-Pin QFP Package 
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NOTE: 
N.C. means 
No Connect 
(do not connect 
these 
pins). 


Figure 6. SO-Pin SQFP Package 
II 


Symbol 
Name and Function 


Vcc 
Main supply voltage 
(5V). 


Vss 
Digital circuit ground (OV). There are three Vss pins, all of which must be connected. 


VREF 
Reference 
voltage for the AID converter 
(5V). VREF is also the supply voltage to the analog 
portion of the AID converter 
and the logic used to read Port 0. Must be connected 
for AID 
and Port °to function. 


ANGND 
Reference 
ground for the AID converter. 
Must be held at nominally 
the same potential 
as 


Vss· 


Vpp 
Timing pin for the return from powerdown 
circuit. This pin also supplies the programming 
voltage 
on the EPROM device. 


XTAL1 
Input of the oscillator 
inverter and of the internal clock generator. 


XTAL2 
Output of the oscillator 
inverter. 


CLKOUT 
.Output of the internal clock generator. 
The frequency 
of CLKOUT 
is % the oscillator 
frequency. 


RESET 
Reset input and open drain output. 


BUSWIDTH 
Input for buswidth 
selection. 
If CCR bit 1 is a one, this pin selects the bus width for the bus 
cycle in progress. 
If BUSWIDTH 
is a 1, a 16-bit bus cycle occurs. 
If BUSWIDTH 
is a ° an 
a-bit cycle occurs. 
If CCR bit 1 is a 0, the bus is always an a-bit bus. 


NMI 
A positive transition 
causes a vector through 203EH. 


INST 
Output high during an external 
memory read indicates 
the read is an instruction 
fetch. INST 
is valid throughout 
the bus cycle. INST is activated 
only during external 
memory accesses 
and output low for a data fetch. 


EA 
Input for memory select (External 
Access). 
EA equal high causes memory accesses 
to 
locations 
2000H through 
9FFFH to be directed 
to on-chip 
ROM/EPROM. 
EA equal low 
causes accesses 
to those locations 
to be directed 
to off-chip 
memory. Also used to enter 
programming 
mode. 


ALE/ADV 
Address 
Latch Enable or Address 
Valid output, as selected 
by CCR. Both pin options 
provide a signal to demultiplex 
the address from the address/data 
bus. When the pin is 
ADV, it goes inactive high at the end of the bus cycle. ALEI ADV is activated 
only during 
external 
memory accesses. 


RD 
Read signal output to external 
memory. 
RD is activated 
only during external 
memory 
reads. 


WR/WRL 
Write and Write Low output to external 
memory, as selected 
by the CCR. WR will go low for 
every external write, while WRL will go low only for external writes where an even byte is 
being written. WR/WRL 
is activated 
only during external 
memory writes. 


BHE/WRH 
Bus High Enable or Write High output to external 
memory, as selected 
by the CCR. BHE will 
go low for external 
writes to the high byte of the data bus. WRH will go low for external 
writes where an odd byte is being written. 
BHE/WRH 
is activated 
only during external 
memory writes. 


READY 
Ready input to lengthen 
external 
memory cycles, for interfacing 
to slow or dynamic 
memory, 
or for bus sharing. When the external 
memory is not being used, READY has no 
effect. 


HSI 
Inputs to High Speed Input Unit. Four HSI pins are available: 
HSI.O, HSI.1, HSI.2 and HSI.3. 


Two of them (HSI.2 and HSI.3) are shared with the HSO Unit. 


HSO 
Outputs from High Speed Output Unit. Six HSO pins are available: 
HSO.O, HSO.1, HSO.2, 
HSI.3, HSO.4 and HSO.5. Two of them (HSO.4 and HSO.5) are shared with the HSI Unit. 


Symbol 
Name and Function 


Port 0 
8-bit high impedance 
input-only 
port. These pins can be used as digital inputs and/or 
as 
analog inputs to the on-chip AID 
converter. 


Port 1 
8-bit quasi-bidirectional 
I/O port. 


Port 2 
8·bit multi-functional 
port. All of its pins are shared with other functions 
in the 80C196KD. 


Pins 2.6 and 2.7 are quasi-bidirectional. 


Ports 3 and 4 
8-bit bidirectional 
I/O ports with open drain outputs. These pins are shared with the 
multiplexed 
address/data 
bus which has strong internal pullups. 


HOLD 
Bus Hold input requesting 
control 
of the bus. 


HLDA 
Bus Hold acknowledge 
output indicating 
release of the bus. 


BREQ 
Bus Request 
output activated 
when the bus controller 
has a pending external 
memory 
cycle. 


PMODE 
Determines 
the EPROM programming 
mode. 


PACT 
A low signal in'Auto 
Programming 
mode indicates 
that programming 
is in process. 
A high 
signal indicates 
programming 
is complete. 


PALE 
A falling edge in Slave Programming 
Mode and Auto Configuration 
By1e Programming 
Mode indicates 
that ports 3 and 4 contain valid programming 
address/command 
information 
(input to slave). 


PROG 
A falling edge in Slave Programming 
Mode indicates 
that ports 3 and 4 contain 
valid 
programming 
data (input to slave). 


PVER 
A high signal in Slave Programming 
Mode and Auto Configuration 
By1e Programming 
Mode indicates 
the by1e programmed 
correctly. 


CPVER 
Cummulative 
Program Output Verification. 
Pin is high if all locations 
have programmed 
correctly 
since entering 
a programming 
mode. 


AINC 
Auto Increment. 
Active low input enables the auto increment 
mode. Auto increment 
allows 
reading or writing sequential 
EPROM locations 
without address transactions 
across the 
PBUS for each read or write. 


• 


Ambient 
Temperature 
Under Bias 
- 55°C to + 125°C 


Storage Temperature 
-65°C 
to + 150°C 


Voltage 
On Any Pin to Vss 
Except EA and Vpp 
-0.5V 
to + 7.0V(1) 


Voltage 
from EA or 
Vpp to Vss or ANGND 
-0.5V 
to + 13.00V 


Power Dissipation 
1.5W(2) 


NOTES: 
1. This includes Vpp and EA on ROM or CPU only devices. 
2. Power dissipation is based on package heat transfer lim- 
itations, not device power consumption. 


NOTICE: This data sheet 
contains 
information 
on 
products in the sampling and initial production phases 
of development. 
It is valid for the devices indicated in 
the revision history. The specifications 
are subject to 
change without notice. 


• WARNING: Stressing the device beyond the "Absolute 
Maximum 
Ratings" 
may 
cause 
permanent 
damage. 


These are stress ratings 
only. Operation 
beyond 
the 
"Operating 
Conditions" 
is not recommended 
and ex- 


tended exposure 
beyond 
the 
"Operating 
Conditions" 


may affect device reliability. 


Symbol 
Description 
Mln 
Max 
Units 


TA 
Ambient 
Temperature 
Under Bias Commercial 
Temp. 
0 
+70 
°C 


Vcc 
Digital Supply Voltage 
4.50 
5.50 
V 


VREF 
Analog Supply Voltage 
4.00 
5.50 
V 


ANGND 
Analog Ground Voltage 
Vss - 
0.4 
Vss 
+ 0.4 
V(1) 


Fosc 
Oscillator 
Frequency 
(8XC196KD) 
8 
16 
MHz 


Fosc 
Oscillator 
Frequency 
(8XC196KD20) 
8 
20 
MHz 


NOTE: 
1. ANGND and Vss should be nominally at the same potential. 


Symbol 
Description 
Min 
Max 
Units 
Test Conditions 


Vil 
Input Low Voltage 
-0.5 
0.8 
V 


VIH 
Input High Voltage 
(Note 1) 
0.2Vcc 
+ 1.0 
Vcc 
+ 0.5 
V 


VHYS 
Hysteresis 
on RESET 
300 
mV 
VCC = 5.0V 


VIH1 
Input High Voltage on XTAL 1 
0.7 Vcc 
Vcc 
+ 0.5 
V 


VIH2 
Input High Voltage 
on RESET 
2.2 
Vcc 
+ 0.5 
V 


VOL 
Output 
Low Voltage 
0.3 
V 
IOl = 200 !-LA 
0.45 
V 
IOl = 2.8mA 
1.5 
V 
IOl = 7 mA 


VOL1 
Output 
Low Voltage 
0.8 
V 
IOL = +0.4 
mA 
in RESET on P2.5 (Note 2) 


VOH 
Output High Voltage 
Vcc 
- 
0.3 
V 
IOH = -200 
!-LA 
(Standard 
Outputs) 
(Note 4) 
Vcc 
- 
0.7 
V 
IOH = -3.2 
mA 
Vcc-1.5 
V 
IOH = -7mA 


VOH1 
Output 
High Voltage 
Vcc 
- 
0.3 
V 
IOH = -10 
!-LA 
(Quasi-bidirectional 
Outputs) 
Vcc 
- 
0.7 
V 
IOH = -30 
!-LA 
(Note 3) 
Vcc 
- 
1.5 
V 
IOH = -60 
!-LA 


Symbol 
Description 
Min 
Typ 
Max 
Units 
Test Conditions 


IOH1 
Logical 
1 Output Current in Reset 
-0.8 
mA 
VIH = VCC -1.5V 


on P2.0. Do not exceed this or 
device may enter test modes. 


IIL1 
Logical 0 Input Current in Reset 
-12.0 
mA 
VIN = 0.45V 
on P2.0. Maximum 
current that 
must be sunk by external 
device 
to ensure test mode entry. 


IIH1 
Logical 
1 Input Current. Maximum 
+200 
IJ-A 
VIN = 2.4V 
current that external 
device must 
source to initiate NMI. 


III 
Input Leakage Current (Std. 
±10 
IJ-A 
0< 
VIN < Vcc 
- 
0.3V 
Inputs) (Note 5) 


ILl1 
Input Leakage 
Current (Port 0) 
±3 
IJ-A 
0< 
VIN < VREF 


ITL 
1 to 0 Transition 
Current (OBO 
-650 
IJ-A 
VIN = 2.0V 
Pins) 


IlL 
Logical 0 Input Current (OBO Pins) 
-70 
IJ-A 
VIN = 0.45V 


IIL1 
AD Bus in Reset 
-70 
IJ-A 
VIN = 0.45V 


Icc 
Active Mode Current in Reset 
65 
75 
mA 
XTAL 1 = 16 MHz 
(8XC196KD) 
VCC = Vpp = VREF = 5.5V 


ICC 
Active Mode Current in Reset 
80 
92 
mA 
XTAL1 = 20 MHz 
(8XC196KD20) 
Vcc = Vpp = VREF = 5.5V 


IIDLE 
Idle Mode Current (8XC196KD) 
17 
25 
mA 
XTAL1 = 16 MHz 
VCC = Vpp = VREF = 5.5V 


IIDLE 
Idle Mode Current (8XC196KD20) 
21 
30 
mA 
XTAL 1 = 20 MHz 
Vcc = Vpp = VREF = 5.5V 


IpD 
Powerdown 
Mode Current 
8 
15 
IJ-A 
Vcc = Vpp = VREF = 5.5V 


IREF 
AID Converter 
Reference 
Current 
2 
5 
mA 
Vcc = Vpp = VREF = 5.5V 


RRST 
Reset Pullup Resistor 
6K 
65K 
n 
Vcc = 5.5V, VIN = 4.0V 


Cs 
Pin Capacitance 
(Any Pin to VSS) 
10 
pF 


NOTES: 
1. All pins except RESET and XTAL1. 
2. Violating these specifications in Reset may cause the part to enter test modes. 
8 


3. QSD (Quasi-bidirectional) pins include Port 1, P2.6 and P2.7. 
4. Standard Outputs include ADO-15, RD, WR, ALE, SHE, INST, HSO pins, PWM/P2.5, CLKOUT, RESET, Ports 3 and 4, 
TXD/P2.0 
and RXD (in serial mode 0). The VOHspecification is not valid for RESET. Ports 3 and 4 are open-drain outputs. 
5. Standard Inputs include HSI pins, READY, SUSWIDTH, RXD/P2.1, EXTINTIP2.2, T2CLK/P2.3 and T2RSTIP2.4. 
6. Maximum current per pin must be externally limited to the following values if VOL is held above 0,45V or VOH is held 
below Vcc - 
0.7V: 


IOl on Output pins: 10 mA 
IOHon quasi-bidirectional pins: self limiting 
IOHon Standard Output pins: 10 mA 
7. Maximum current per bus pin (data and control) during normal operation is ±3.2 mA. 
8. During normal (non-transient) conditions the following total current limits apply: 
Port 1, P2.6 
IOl: 29 mA 
IOHis self limiting 
HSO, P2.0. RXD. RESET 
IOl: 29 mA 
IOH:26 mA 
P2.5, P2.7, WR, SHE 
IOL:13 mA 
IOH:11 mA 
ADO-AD15 
IOl: 52 mA 
IOH:52 mA 
RD. ALE. INST-CLKOUT 
IOL:13 mA 
IOH:13 mA 


100 


90 
80 


70 


60 


mA 
50 


40 


30 


20 


10 


0 
0 


IDLE Max 


IDLE Typ 


4.0 
8.0 
12.0 
16.0 
20.0 


Freq 
(MHz) 


Ice Max = 4.13 x Frequency 
+ 9 mA 
Ice Typ = 3.50 x Frequency 
+ 9 mA 


IIDLE Max = 1.25 x Frequency 
+ 5 mA 
IIDLE Typ = 0.88 
x 
Frequency 
+ 3 mA 


NOTE: 
Frequencies 
below 
8 MHz are shown 
for reference 
only; no testing 
is performed. 


AC CHARACTERISTICS 
For use over specified 
operating 
conditions. 


Test Conditions: 
Capacitive 
load on all pins = 100 pF, Rise and fall times = 10 ns, Fose 
= 16 MHz 


Symbol 
Description 
Mln 
Max 
Units 
Notes 


TAVYV 
Address 
Valid to READY Setup 
2 Tose 
- 
68 
ns 


TLLYV 
ALE Low to READY Setup 
Tose 
- 
70 
ns 
(Note 3) 


TYLYH 
Non READY Time 
No upper limit 
ns 


TeLYX 
READY Hold after CLKOUT 
Low 
0 
Tose 
- 
30 
ns 
(Note 1) 


hLYX 
READY Hold after ALE Low 
Tose 
- 
15 
2 Tose 
- 
40 
ns 
(Note 1) 


TAVGV 
Address 
Valid to Buswidth 
Setup 
2 Tose 
- 
68 
ns 


TLLGV 
ALE Low to Buswidth 
Setup 
Tose 
- 
60 
ns 
(Note 3) 


TeLGX 
Buswidth 
Hold after CLKOUT 
Low 
0 
ns 


TAVDV 
Address 
Valid to Input Data Valid 
3 Tose 
- 
55 
ns 
(Note 2) 


TRLDV 
RD Active to Input Data Valid 
Tose 
- 
22 
ns 
(Note 2) 


TeLDV 
CLKOUT 
Low to Input Data Valid 
Tose 
- 
45 
ns 


TRHDZ 
End of RD to Input Data Float 
Tose 
ns 


IRXDX 
Data Hold after RD Inactive 
0 
ns 


NOTES: 
1. If max is exceeded, 
additional 
wait states 
will occur. 
2. If wait states 
are used, add 2 Tase 
• N, where 
N = number 
of wait states. 


3. These 
timings 
are included 
for compatibility 
with older 
- 90 and BH products. 
They 
should 
not be used for newer 
high- 


speed 
designs. 


AC CHARACTERISTICS 
(Continued) 
For use over specified 
operating 
conditions. 


Test Conditions: 
Capacitive 
load on all pins = 100 pF, Rise and fall times 
= 10 ns, FOSC =. 16/20 
MHz 


Symbol 
Description 
Min 
Max 
Units 
Notes 


FXTAL 
Frequency 
on XTAL 1 (8XC196KD) 
8 
16 
MHz 
(Note 1) 


FXTAL 
Frequency 
on XTAL 1 (8XC196KD20) 
8 
20 
MHz 
(Note 1) 


Tosc 
I/FXTAL (8XC196KD) 
62.5 
125 
ns 


Tosc 
I/FxTAL (8XC196KD20) 
50 
125 
ns 


TXHCH 
XTAL 1 High to CLKOUT 
High or Low 
+20 
+ 110 
ns 


TCLCL 
CLKOUT 
Cycle Time 
2 TOSC 
ns 


TCHCL 
CLKOUT 
High Period 
Tosc 
- 
10 
TosC+ 
15 
ns 


TCLLH 
CLKOUT 
Falling Edge to ALE Rising 
-5 
+ 15 
ns 


TLLCH 
ALE Falling Edge to CLKOUT 
Rising 
-20 
+15 
ns 


TLHLH 
ALE Cycle Time 
4 Tosc 
ns 
(Note 4) 


TLHLL 
ALE High Period 
TosC - 
10 
Tosc+10 
ns 


TAVLL 
Address 
Setup to ALE Falling Edge 
Tosc 
- 
15 


TLLAX 
Address 
Hold after ALE Falling Edge 
TOSC - 
35 
ns 


TLLRL 
ALE Falling Edge to RD Falling Edge 
Tosc 
- 
30 
ns 


TRLCL 
RD Low to CLKOUT 
Falling Edge 
+4 
+30 
ns 


TRLRH 
RD Low Period 
Tosc 
- 
5 
ns 
(Note 4) 


TRHLH 
RD Rising Edge to ALE Rising Edge 
Tosc 
Tosc 
+ 25 
ns 
(Note 2) 


TRLAZ 
RD Low to Address 
Float 
+5 
ns 


TLLWL 
ALE Falling Edge to WR Falling Edge 
Tosc 
- 
10 
ns 


TCLWL 
CLKOUT 
Low to WR Falling Edge 
0 
+25 
ns 


TQVWH 
Data Stable to WR Rising Edge 
TOSC - 
23 
(Note 4) 


TCHWH 
CLKOUT 
High to WR Rising Edge 
-5 
+15 
ns 


TWLWH 
WR Low Period 
Tosc 
- 
20 
ns 
(Note 4) 


TWHQX 
Data Hold after WR Rising Edge 
TOSC - 
25 
ns 


TWHLH 
WR Rising Edge to ALE Rising Edge 
Tosc 
- 
10 
Tosc 
+ 
15 
ns 
(Note 2) 


TWHBX 
SHE, INST after WR Rising Edge 
TOSC - 
10 
ns 


TWHAX 
AD8-15 
HOLD after WR Rising 
Tosc 
- 
30 
ns 
(Note 3) 


TRHBX 
SHE, INST after RD Rising Edge 
Tosc 
- 
10 
ns 


TRHAX 
AD8-15 
HOLD after RD Rising 
Tosc 
- 
25 
ns 
(Note 3) 


NOTES: 
1. Testing 
performed 
at a MHz. However, 
the device 
is static 
by design 
and will typically 
operate 
below 
1 Hz. 


2. Assuming 
back-to-back 
bus cycles. 
3. a-Bit bus only. 
4. If wait states 
are used, add 2 Tase 
• N, where 
N = number 
of wait states. 


ADDRESS OUT 


T 
AVDV 
_1 
_ 
I-- TLLWL 


BUS --<""'1------- 
DATA OUT 
>*_(__ 
A_D_DR_E_S_S 
_ 
LTRHBX• 


ITWHBX 


TRLDV 
+ 
2 Tose ---l 


T,WDV 
+ 2Tose ----I 
}------{-O-ATA->-»>-»)---- 
I 


I-- TAVGV 
-( 
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Symbol 
Description 
Min 
Max 
Units 
Notes 


THVCH 
HOLD Setup 
+55 
ns 
(Note 1) 


TCLHAL 
CLKOUT 
Low to HLDA Low 
-15 
+ 15 
ns 


TCLBRL 
CLKOUT 
Low to SREQ Low 
-15 
+15 
ns 


THALAZ 
HLDA Low to Address 
Float 
+15 
ns 


THALBZ 
HLDA Low to SHE, INST, RD, WR Weakly 
Driven 
+20 
ns 


TCLHAH 
CLKOUT 
Low to HLDA High 
-15 
+15 
ns 


TCLBRH 
CLKOUT 
Low to SREQ High 
-15 
+ 15 
ns 


THAHAX 
HLDA High to Address 
No Longer Float 
-15 
ns 


THAHBV 
HLDA High to SHE, INST, RD, WR Valid 
-10 
+15 
ns 


TCLLH 
CLKOUT 
Low to ALE High 
-5 
+15 
ns 


NOTE: 
1. To guarantee 
recognition 
at next clock. 


D~scription 
Mln 
Max 
Units 


Weak Pullups on ADV, RD, 
50K 
250K 
VCC = 5.5V, ViN = 0.4'5V 
WR, WRL, SHE 


Weak Pulldowns 
on 
10K 
50K 
VCC = 5.5V, VIN = 2.4 
ALE,INST 


BUS -< 
q------ 


THALBZ 
-----\--\ , 
, 
5 I 


ALE 
~\ 
\,..\ 
TC_LL_H~ 
_ 


Bus Cycle Type 


Internal 
Execution 
1.5 States 


16-Bit External 
Execution 
2.5 States 


a-Bit External 
Execution 
4.5 States 


Symbol 
Parameter 
Min 
Max 
Units 


1/TxLXL 
Oscillator 
Frequency 
a 
16.0 
MHz 


TXLXL 
Oscillator 
Period 
62.5 
125 
ns 


TXHXX 
High Time 
20 
ns 


TXLXX 
Low Time 
20 
ns 


TXLXH 
Rise Time 
10 
ns 


TXHXL 
Fall Time 
10 
ns 


Symbol 
Parameter 
Min 
Max 
Units 


1/TxLXL 
Oscillator 
Frequency 
a 
20.0 
MHz 


TXLXL 
Oscillator 
Period 
50 
125 
ns 


TXHXX 
High Time 
17 
ns 


TXLXX 
Low Time 
17 
ns 


TXLXH 
Rise Time 
a 
ns 


TXHXL 
Fall Time 
a 
ns 


Quartz 
Crystal 
or 
Ceramic 
Resonator 


272145-13 


NOTE: 
Keep 
oscillator 
components 
close 
to 
chip 
and 
use 
short, 
direct 
traces 
to XTAL1, 
XTAL2 
and 
Vss. 
When 
using 
ceramic 
crystals, 
C1 
= 
20 
pF, 
C2 
= 
20 
pF. 


When 
using 
ceramic 
resonators 
consult 
manufacturer 


for recommended 
capacitor 
values. 


2.4-V- 2.0> 
TEST 
POINTS < 2.0>C 


~~8 
0.8, 
0.45 
----------- 


272145-11 
AC Testing 
inputs 
are driven 
at 2.4V for a LogiC "1" 
and 0.45V for 


a Logic "0" 
Timing 
measurements 
are made at 2.0V for a Logic 


"1" 
and 0.8V 
for a Logic 
"0". 


NOTE: 
'Required 
if TTL driver 
used. 
Not needed 
if CMOS 
driver is used. 


VLOAO+O.15 v 
v 


LO 


0 
TIt.4ING 
REFERENCE 
_ 
A 
POINTS 
--.... 


VLOAO-O. 15 V 
VOL+0.15 
V 


272145-12 
For 
Timing 
Purposes 
a Port 
Pin is no 
Longer 
Floating 
when 
a 
150 mV change 
from 
Load 
Voltage 
Occurs, 
and 
Begins 
to Float 


when 
a 150 mV change 
from 
the Loaded 
VOHIVOL 
Level 
occurs 


'OL/IOH 
~ 
± 15 mA. 


Each symbol is two pairs of letters prefixed by "T" for time. The characters in a pair indicate a signal and its 
condition, respectively. Symbols represent the time between the two signal/condition 
points. 


Conditions: 


H- 
High 


L- 
Low 


V- 
Valid 


X- 
No Longer Valid 


Z- 
Floating 


Signals: 


A- 
Address 


B- 
BHE 


C- 
CLKOUT 


D- 
DATA 


G- 
Buswidth 


H- 
HOLD 


HA- 
HLDA 


L- 
ALE/ADV 


BR- 
BREQ 


R- 
RD 


W- 
WR/WRH/WRL 


X- 
XTAL1 


Y- 
READY 


Q- 
Data Out 


Symbol 
Parameter 
Min 
Max 
Units 


TXLXL 
Serial Port Clock Period (BRR ~ 8002H) 
6 Tosc 
ns 


TXLXH 
Serial Port Clock Falling Edge 
4 TOSC -50 
4 Tosc 
+50 
ns 
to Rising Edge (BRR ~ 8002H) 


TXLXL 
Serial Port Clock Period (BRR = 8001 H) 
4 TOSC 
ns 


TXLXH 
Serial Port Clock Falling Edge 
2 Tosc 
-50 
2 TOSC +50 
ns 
to Rising Edge (BRR = 8001 H) 


TQVXH 
Output Data Valid to Clock Rising Edge 
2 Tosc 
- 
50 
ns 


TXHQX 
Output Data Hold after Clock Rising Edge 
2 Tosc 
- 
50 
ns 


TXHQV 
Next Output Data Valid after Clock Rising Edge 
2 TOSC + 50 
ns 


TOVXH 
Input Data Setup to Clock Rising Edge 
Tosc 
+50 
ns 


TXHOX 
Input Data Hold after Clock Rising Edge 
0 
ns 


TXHQZ 
Last Clock Rising to Output Float 
1 Tosc 
ns 


TXO---U- 


TQVXH-j I- 


RXO 
(OUT) 
0 


A to 0 CHARACTERISTICS 
The AID 
converter 
is ratiometric, 
so absolute 
accuracy 
is dependent 
on the accuracy 
and stability 
of VREF. 


Symbol 
Description 
Min 
Max 
Units 


TA 
Ambient 
Temperature 
Commercial 
Temp. 
0 
+70 
°C 


Vcc 
Digital Supply Voltage 
4.50 
5.50 
V 


VREF 
Analog Supply Voltage 
4.00 
5.50 
V 


ANGND 
Analog Ground Voltage 
Vss 
- 0.40 
Vcc + 0.40 
V 


TSAM 
Sample Time 
1.0 
Il-s(1) 


TCONV 
Conversion 
Time 
10 
20 
Il-s(1) 


Fosc 
Oscillator 
Frequency 
(8XC196KD) 
8.0 
16.0 
MHz 


Fosc 
Oscillator 
Frequency 
(8XC196KD20) 
8.0 
20.0 
MHz 


NOTE: 
1. The value of AD_TIME is selected to meet these specifications. 


Parameter 
Typical(1) 
Minimum 
Maximum 
Units· 
Notes 


Resolution 
1024 
1024 
Levels 
10 
10 
Bits 


Absolute 
Error 
0 
±3 
LSBs 


Full Scale Error 
0.25 ± 0.5 
LSBs 


Zero Offset Error 
0.25 ± 0.5 
LSBs 


Non-Linearity 
1.0 ± 2.0 
0 
±3 
LSBs 
- 


Differential 
Non-Linearity 
Error 
> -1 
+2 
LSBs 


Channel-to-Channel 
Matching 
±0.1 
0 
±1 
LSBs 


Repeatability 
±0.25 
LSBs 


Temperature 
Coefficients: 


Offset 
0.009 
LSBrC 
Full Scale 
0.009 
LSBrC 
Differential 
Non-Linearity 
0.009 
LSBrC 


Off Isolation 
-60 
dB 
2,3 


Feedthrough 
-60 
dB 
2 


Vcc Power Supply Rejection 
-60 
dB 
2 


Input Series Resistance 
750 
1.2K 
.n 
4 


Voltage 
on Analog 
Input Pin 
ANGND 
- 0.5 
VREF + 0.5 
V 
5,6 


DC Input Leakage 
0 
±3.0 
Il-A 


Sampling 
Capacitor 
3 
pF 


NOTES: 
·An "LSB" as used here has a value of approxiimately 5 mY. (See Embedded Microcontrollers and Processors Handbook 
for AID glossary of terms.) 
1. These values are expected lor most parts at 25·C but are not tested or guaranteed. 
2. DC to 100 KHz. 
3. Multiplexer Break-Belore-Make is guaranteed. 
4. Resistance lrom device pin, through internal MUX, to sample capacitor. 
5. These values may be exceeded il the pin current is limited to ± 2 mA. 
6. Applying voltages beyond these specifications will degrade the accuracy of other channels being converted. 
7. All conversions performed with processor in IDLE mode. 


Symbol 
Description 
Min 
Max 
Units 


TA 
Ambient 
Temperature 
Commercial 
Temp. 
0 
+70 
·C 


VCC 
Digital Supply Voltage 
4.50 
5.50 
V 


VREF 
Analog Supply Voltage 
4.00 
5.50 
V 


ANGND 
Analog Ground Voltage 
Vss -0.40 
Vss + 0.40 
V 


TSAM 
Sample Time 
1.0 
/Ls(l) 


TCONV 
Conversion 
Time 
7 
20 
/LS(l) 


Fosc 
Oscillator 
Frequency 
(8XC109KD) 
8.0 
16.0 
MHz 


Fosc 
Oscillator 
Frequency 
(8XC196KD20) 
8.0 
20.0 
MHz 


NOTE: 
1. The value of AD_TIME is selected to meet these specifications. 


Parameter 
Typical(l) 
Minimum 
Maximum 
Units' 
Notes 


Resolution 
256 
256 
Levels 


8 
8 
Bits 


Absolute 
Error 
0 
±1 
LSBs 


Full Scale Error 
±0.5 
LSBs 


Zero Offset Error 
±0.5 
LSBs 


Non-Linearity 
0 
±1 
LSBs 


Differential 
Non-Linearity 
Error 
> -1 
+1 
LSBs 


Channel-to-Channel 
Matching 
±1 
LSBs 


Repeatability 
±0.25 
LSBs 


Temperature 
Coefficients: 


Offset 
0.003 
LSBrC 
Full Scale 
0.003 
LSBrC 
Differential 
Non-Linearity 
0.003 
LSBrC 


Off Isolation 
-60 
dB 
2,3 


Feedthrough 
-60 
dB 
2 


Vcc Power Supply Rejection 
-60 
dB 
2 


Input Series Resistance 
750 
1.2K 
.0. 
4 


Voltage 
on Analog 
Input Pin 
Vss 
- 0.5 
VREF + 0.5 
V 
5,6 


DC Input Leakage 
0 
±3.0 
/LA 


Sampling 
Capacitor 
3 
pF 


NOTES: 
'An "LSB" as used here has a value of approximately 20 mY. (See Embedded Microcontrollers and Processors Handbook 
for AID glossary of terms). 
1. These values are expected for most parts at 25°C but are not tested or guaranteed. 
2. DC to 100 KHz. 
3. Multiplexer Break-Before-Make is guaranteed. 
4. Resistance from device pin, through internal MUX, to sample capacitor. 
5. These values may be exceeded if pin current is limited to ± 2 mA. 
6. Applying voltages beyond these specifications will degrade the accuracy of other channels being converted. 
7. All conversions performed with processor in IDLE mode. 
• 


Symbol 
Description 
Min 
Max 
Units 


TA 
Ambient 
Temperature 
During Programming 
20 
30 
C 


Vee 
Supply Voltage 
During Programming 
4.5 
5.5 
V(l) 


VREF 
Reference 
Supply Voltage 
During Programming 
4.5 
5.5 
V(l) 


Vpp 
Programming 
Voltage 
12.25 
12.75 
V(2) 


VEA 
EA Pin Voltage 
12.25 
12.75 
V(2) 


Fose 
Oscillator 
Frequency 
during Auto and Slave 
6.0 
8.0 
MHz 
Mode Programming 


Fose 
Oscillator 
Frequency 
during 
6.0 
16.0 
MHz 
Run-Time 
Programming 
(8XC196KD) 


Fose 
Oscillator 
Frequency 
during 
6.0 
20.0 
MHz 
Run-Time 
Programming 
(8XC196KD20) 


NOTES: 
1. Vcc and VREFshould nominally be at the same voltage during programming. 
2. Vpp and VEA must never exceed the maximum specification, or the device may be damaged. 
3. Vss and ANGND should nominally be at the same potential (OV). 
4. Load capacitance during Auto and Slave Mode programming = 150 pF. 


Symbol 
Description 
Min 
Max 
Units 


TsHLL 
Reset High to First PALE Low 
1100 
Tose 


TLLLH 
PALE Pulse Width 
50 
Tose 


TAVLL 
Address 
Setup Time 
0 
Tose 


TLLAX 
Address 
Hold Time 
100 
Tose 


TpLDV 
PROG Low to Word Dump Valid 
50 
Tose 


TpHDX 
Word Dump Data Hold 
50 
Tose 


TDVPL 
Data Setup Time 
0 
Tose 


TpLDX 
Data Hold Time 
400 
Tose 


TpLPH(l) 
PROG Pulse Width 
50 
Tose 


TpHLL 
PROG High to Next PALE Low 
220 
Tose 


TLHPL 
PALE High to PROG Low 
220 
Tose 


TpHPL 
PROG High to Next PROG Low 
220 
Tose 


TpHIL 
PROG High to AINC Low 
0 
Tose 


TILIH 
AINC Pulse Width 
240 
Tose 


TILVH 
PVER Hold after AINC Low 
50 
Tose 


TILPL 
AINC Low to PROG Low 
170 
Tose 


TpHVL 
PROG High to PVER Valid 
220 
Tose 


NOTE: 
1. This specification is for the Word Dump Mode. For programming pulses, use the Modified Quick Pulse Algorithm. 


Symbol 


Ipp 


Description 


Vpp Supply Current (When Programming) 


NOTE: 
Do not apply 
Vpp until Vcc 
is stable 
and within 
specifications 
and the oscillator/clock 
has stabilized 
or the device 
may be 
damaged. 


NOTE: 
P3.0 must be high ("1") 


intel~ 


NOTE: 
P3.0 must be low ("0") 


SLAVE 
PROGRAMMING 
MODE 
TIMING 
IN DATA 
PROGRAM 
WITH 
REPEATED 
PROG PULSE 
AND 
AUTO INCREMENT 


ADDR 
ADDR 
ADDR + 2 


PO:/~ 
( 
ADDR/COMMAND >----< 
DATA >~-__~ 
DATA >-- 


8XC196KC 
TO 8XC196KD 
DESIGN 
CONSIDERATIONS 


1. Memory 
Map. The 8XC196KD 
has 1024 bytes of 
RAM/SFRs 
and 32K of OTPROM. 
The extra 512 
bytes 
of 
RAM 
reside 
in 
locations 
0200H 
to 
03FFH, 
and the extra 16 Kbytes of OTPROM 
re- 
side 
in 
locations 
6000H 
to 
9FFFH. 
On 
the 
87C196KC 
these 
locations 
are always 
external, 
so KC code 
may have to be modified 
to run on 
the KD. 


2. The vertical 
window 
scheme 
has been extended 
to include 
all on-chip 
RAM. 


3. 
IOC3.1 controls 
the CLKOUT 
signal. This bit must 
be 0 to enable 
CLKOUT. 


4. The 87C196KD 
has a different 
autoprogramming 
algorithm 
to support 
32K of on-chip 
OTPROM. 


This data sheet is valid for devices 
with a "8" 
at the 
end of the topside 
tracking 
number. 
Data sheets are 
changed 
as new device 
information 
becomes 
avail- 
able. Verify with your local Intel sales office that you 
have the latest version 
before 
finalizing 
a design 
or 
ordering 
devices. 


The following 
are important 
differences 
between 
the 
272145-001 
and 272145-002 
data sheets: 


1. Added 
20 MHz specifications. 


2. Added 
80-lead 
SOFP package 
pinout. 


3. Changed 
OFP 
Package 
8JA to 
56°C/W 
from 
42°C/W. 


4. Changed 
VHYS to 300 mV from 
150 mY. 


5. Changed 
Icc Typical 
specification 
at 16 MHz to 
65 mA from 50 mA. 


6. Changed 
Icc Maximum 
specification 
at 16 MHz 
to 75 mA from 70 mA. 


7. Changed 
IIDLE Typical 
specification 
to 
17 mA 
from 
15 mA. 


8. Changed 
IIDLE Maximum 
specification 
to 25 mA 
from 30 mA. 


9. Changed 
IpD Typical 
specification 
to 8 /-LAfrom 
15/-LA. 


10. Added 
IpD Maximum 
specification. 


11. Changed 
TCLDV Maximum 
specification 
to 
Tosc 
- 
45 from TOSC - 
50. 


12. Changed 
TLLAX Minimum 
specification 
to 
TOSC - 
35 from TOSC - 
40. 


13. Changed 
TCHWH Minimum 
specification 
to 
- 5 
from 
-10. 


14. Changed 
TRHAX Minimum 
specification 
to 
TOSC - 
25 from TOSC - 
30. 


15. Changed 
THALAZ 
Maximum 
specification 
to 
+ 15 from + 10. 


16. Changed 
THALBZ 
Maximum 
specification 
to 
+ 20 from + 15. 


17. Added 
THAHBV Maximum 
specification. 


18. Changed 
TSAM for 
10-bit 
mode 
to 
1 /-Ls from 
3/-Ls. 


19. Changed 
TSAM for 8-bit mode to 1 /-Ls from 2 /-Ls. 


20. 
Changed 
IIH1 test condition 
to VIN = 2.4V from 
5.5V. 


21. Changed 
IIH1 maximum 
specification 
to + 200 
/-LAfrom + 100 /-LA. 


22. 
Removed 
NMI from list of standard 
inputs. 


23. 
Updated 
Icc and IIDLE vs frequency 
graph. 


24. 
Updated 
note under 
DC EPROM 
Programming 
Characteristics. 


25. 
Changed 
IU1 maximum 
specification 
to 
-12 
mA from 
- 6 mA. 
• 
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87L 196KD-32 
Kbytes of On-Chip OTPROM 


• 
3.0V to 3.6V Operation 


• 
16 MHz Operation 


• 
1000 Byte Register 
RAM 


• 
Register-to-Register 
Architecture 


• 
28 Interrupt 
Sources/16 
Vectors 


• 
Peripheral 
Transaction 
Server 


• 
1.75 JLs16 x 16 Multiply (16 MHz) 


• 
3.0 JLs32/16 
Divide (16 MHz) 


• 
Powerdown 
and Idle Modes 


• 
Five 8-Bit I/O Ports 


• 
16-Bit Watchdog 
Timer 


• 
Dynamically 
Configurable 
8-Bit or 
16-Bit Buswidth 


• 
Full Duplex Serial Port 


• 
High Speed 
I/O SUbsystem 


• 
16-Bit Timer 


• 
16-Bit Up/Down 
Counter 
with Capture 


• 
3 Pulse-Width-Modulated 
Outputs 


• 
Four 16-Bit Software 
Timers 


• 
8- or 10-Bit A/D 
Converter 
with 
Sample/Hold 


• 
OTP One-Time 
Programmable 
Version 


The 8XL 196KD 
16-bit microcontroller 
is a high performance 
member 
of the MCS@-96 microcontroller 
family. 


The 8XL 196KD 
is an enhanced 
80C196KC 
device 
with 3.3V operation, 
1000 bytes RAM, 
16 MHz operation 


and an optional 
32 Kbytes of ROM/EPROM. 
Intel's 
CHMOS 
III-E process 
provides 
a high performance 
proc- 


essor along with low power consumption. 


Four high-speed 
capture 
inputs are provided 
to record 
times when events 
occur. 
Six high-speed 
outputs 
are 


available 
for pulse or waveform 
generation. 
The high-speed 
output 
can also generate 
four software 
timers 
or 


start an A/D 
conversion. 
Events 
can be based on the timer or up/down 
counter. 


PORT 
3 


1 


ADDR 
DATA 
BUS 


PORT 
<4 


87L 196KD ENHANCED 
FEATURE 
SET 
OVER THE 87C196KC 
FUNCTIONAL 
DIFFERENCES 
BETWEEN 
THE 8XC196KD 
AND THE 
8XL196KD 
1. The 87L 196KD has twice the RAM and twice the 
OTPROM 
space of the 87C196KC. 


2. The vertical 
windowing 
scheme 
has been extend- 
ed to allow 
all 1000 bytes of register 
RAM to be 
windowed 
into the lower register 
file. 


1. The HOLD/HLDA 
bus protocol 
is not supported 
on the 8XL 196KD. 


2. The CLKOUT 
disable 
bit (IOC3.1) 
is not support- 


ed on the 8XL 196KD. 


3. Run-time 
programming 
is not supported 
on the 
8XL196KD. 


8XL 196KD VERTICAL 
WINDOWING 
MAP 


Address 
to 
Device 
WSR Contents 
Remap 
Series 


0380H 
KD 
X001 0111B = 17H 


0300H 
KD 
X001 0110B = 16H 


0280H 
KD 
X001 0101B = 15H 


0200H 
KD 
X001 0100B = 14H 


0180H 
KC,KD 
X001 0011B = 13H 


0100H 
KC,KD 
X001 0010B = 12H 


0080H 
KC,KD 
X001 0001B = 11H 


OOOOH 
KC,KD 
X001 OOOOB= 10H 


Address 
to 
Device 
WSR Contents 
Remap 
Series 


03COH 
KD 
X010 1111 B = 2FH 


0380H 
KD 
X010 1110B = 2EH 


0340H 
KD 
X010 1101B = 2DH 


0300H 
KD 
X010 1100B = 2CH 


02COH 
KD 
X010 1011B = 2BH 


0280H 
KD 
X010 1010B = 2AH 


0240H 
KD 
X010 1001B = 29H 


0200H 
KD 
X010 1000B = 28H 


01COH 
KC,KD 
X010 0111 B = 27H 


0180H 
KC,KD 
X0100110B 
= 26H 


0140H 
KC,KD 
X0100101B 
= 25H 


0100H 
KC,KD 
X0100100B 
= 24H 


OOCOH 
KC,KD 
X0100011B 
= 23H 


0080H 
KC, KD 
X0100010B 
= 22H 


0040H 
KC,KD 
X0100001B 
= 21H 


OOOOH 
KC, KD 
X010 OOOOB= 20H 


intel~ 


Address 
to 
Device 
WSR Contents 
Remap 
Series 


03EOH 
KD 
X1011111B 
= 5FH 


03COH 
KD 
X1011110B 
= 5EH 


03AOH 
KD 
X1011101B 
= 5DH 


0380H 
KD 
X1011100B 
= 5CH 


0360H 
KD 
X1011011B 
= 5BH 


0340H 
KD 
X1011010B 
= 5AH 


0320H 
KD 
X1011001B 
= 59H 


0300H 
KD 
X1011000B 
= 58H 


02EOH 
KD 
X101 0111B = 57H 


02COH 
KD 
X101 0110B = 56H 


02AOH 
KD 
X101 0101B = 55H 


0280H 
KD 
X101 0100B = 54H 


0260H 
KD 
X101 0011B = 53H 


0240H 
KD 
X101 0010B = 52H 


0220H 
KD 
X101 0001B = 51H 


0200H 
KD 
X101 OOOOB= 50H 


01EOH 
KC,KD 
X100 1111B = 4FH 


01COH 
KC,KD 
X100 1110B = 4EH 


01AOH 
KC,KD 
X100 1101B = 4DH 


0180H 
KC, KD 
X100 1100B = 4CH 


0160H 
KC, KD 
X100 1011B = 4BH 


0140H 
KC, KD 
X100 1010B = 4AH 


0120H 
KC, KD 
X100 1001B = 49H 


0100H 
KC, KD 
X100 1000B = 48H 


OOEOH 
KC,KD 
X1000111B 
= 47H 


OOCOH 
KC,KD 
X1000110B 
= 46H 


OOAOH 
KC, KD 
X1000101B 
= 45H 


0080H 
KC,KD 
X100 0100B = 44H 


0060H 
KC,KD 
X1000011B 
= 43H 


0040H 
KC,KD 
X100 0010B = 42H 


0020H 
KC,KD 
X1000001B 
= 41H 


OOOOH 
KC,KD 
X1000000B 
= 40H 


This device 
is manufactured 
on PX29.5, 
a CHMOS 
III-E process. 
Additional 
process 
and reliability 
infor- 
mation 
is available 
in Intel's 
Components 
Quality 
and Reliability 
Handbook, 
Order 
Number 
210997. 
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No 
Iolark= 
161.lHz 


KO Produc:t ramily 
:::r::M;:m:::h::~~~s: 
7 = [PROW 
(Hote 
1) 


'----------Pockogl 
Ty~Option.: 


N = 58-llad 
PlCC 
S = aO-lead 
QfP 
S8:: 80-lltCld SQfP 


L-.----------Temperotur. 
and 
Burn-in 
Option.: 


No 
Work = ooe - 700e 
Ambient 
with 


Int.1 Standard 
Burn-in 


EXAMPLE: 
N8ll196KD 
is 68-lead 
PlCC 
OTPROM, 


16 MHz. 
For 
complete 
package 
dimensional 
data, 
refer 
to the 
Intel Packaging 
Handbook 
(Order 
Number 
240800). 


NOTE: 
1. EPROMs 
are available 
as One Time 
Programmable 
(OTPROM) 
only. 


Figure 2. The 8XL 196KD Family Nomenclature 


Package 
8ja 
8jc 
Type 


PLCC 
35°C/W 
13°C/W 


OFP 
56°C/W 
12°C/W 


SOFP 
TBD 
TBD 


All 
thermal 
impedance 
data 
is approximate 
for 
static 
air 
conditions 
at 1W of power 
dissipation. 
Values 
will change 
depending 
on 
operation 
conditions 
and 
application. 
See 
the Intel Packaging 
Handbook 
(order 
number 
240800) 
for a 
description 
of Intel's 
thermal 
impedance 
test methodology. 


Description 
Address 


External 
Memory or I/O 
OFFFFH 
OAOOOH 


Internal ROM/OTPROM 
or External 
9FFFH 
Memory (Determined 
by EA) 
2080H 


Reserved. 
Must contain 
FFH. 
207FH 
(Note 5) 
205EH 


PTS Vectors 
205DH 
2040H 


Upper Interrupt Vectors 
203FH 
2030H 


ROM/EPROM 
Security 
Key 
202FH 
2020H 


Reserved. 
Must contain 
FFH. 
201FH 
(Note 5) 
201AH 


Reserved. 
Must Contain 20H 
2019H 
(Note 5) 


CCB 
2018H 


Reserved. 
Must contain 
FFH. 
2017H 
(Note 5) 
2014H 


Lower Interrupt 
Vectors 
2013H 
2000H 


Port 3 and Port 4 
1FFFH 
Word Addressable 
Only 
1FFEH 


External 
Memory 
1FFDH 
0400H 


1000 Bytes Register 
RAM (Note 1) 
03FFH 
0018H 


CPU SFR's (Notes 1, 3) 
0017H 
OOOOH 


NOTES: 
1. Code 
executed 
in locations 
OOOOH to 
03FFH 
will 
be 
forced 
external. 


2. Reserved 
memory 
locations 
must 
contain 
OFFH unless 
noted. 
3. Reserved 
SFR bit locations 
must contain 
O. 
4. Refer to 8XC196KC 
for SFR descriptions. 


5. WARNING: 
Reserved 
memory 
locations 
must 
not 
be 
written 
or read. 
The 
contents 
and/or 
function 
of these 
lo- 
cations 
may 
change 
with 
future 
revisions 
of 
the 
device. 
Therefore, 
a program 
that 
relies 
on one 
or more 
of these 
locations 
may not function 
properly. 
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Figure 3. 6S-Pin PLCC Package 
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RD 
READY 
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INST 
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BUSWIDTH 
WR/WRL 


CLKOUT 
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NOTE: 
N.C. means 
No Connect 
(do not connect 
these 
pins). 


Figure 4. SO-PinQFP Package 
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READY 


ALE/ADV 
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P2.4/T2RST 
/ AINC 


INST 
BHE/WRH 


BUSWIDTH 
'WR/WRL 


CLKOUT 
80 PIN 
SQFP 
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P2.7/T2CAPTURE/PACT 


XTAL 1 
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NOTE: 
N.C. means 
No Connect 
(do not connect 
these 
pins). 


Figure 5. SO-PinSQFP Package 


Symbol 
Name and Function 


Vcc 
Main supply voltage 
(3.3V). 


Vss 
Digital circuit ground (OV). There are multiple VSS pins, all of which must be connected. 


VREF 
Reference 
voltage 
for the AID converter 
(3.3V). VREF is also the supply voltage 
to the 
analog portion of the AID 
converter 
and the logic used to read Port 0. Must be connected 
for AID 
and Port °to function. 


ANGND 
Reference 
ground for the A/D 
converter. 
Must be held at nominally 
the same potential 
as 


Vss· 


Vpp 
Timing pin for the return from powerdown 
circuit. This pin also supplies the programming 
voltage 
on the EPROM device. 


XTAL1 
Input of the oscillator 
inverter and of the internal clock generator. 


XTAL2 
Output of the oscillator 
inverter. 


CLKOUT 
Output of the internal clock generator. 
The frequency 
of CLKOUT 
is % the oscillator 
frequency. 


RESET 
Reset input and open drain output. 


BUSWIDTH 
Input for buswidth 
selection. 
If CCR bit 1 is a one, this pin selects the bus width for the bus 
cycle in progress. 
If BUSWIDTH 
is a 1, a 16-bit bus cycle occurs. 
If BUSWIDTH 
is a° an 
8-bit cycle occurs. 
If CCR bit 1 is a 0, the bus is always an 8-bit bus. 


NMI 
A positive transition 
causes a vector through 
203EH. 


INST 
Output high during an external 
memory read indicates 
the read is an instruction 
fetch. INST 
is valid throughout 
the bus cycle. INST is activated 
only during external 
memory accesses 
and output low for a data fetch. 


EA 
Input for memory 
select (External 
Access). 
EA equal high causes memory accesses 
to 
locations 
2000H through 
9FFFH to be directed 
to on-chip 
ROM/EPROM. 
EA equal low 
causes accesses 
to those locations 
to be directed 
to off-chip 
memory. AI~o used to enter 
programming 
mode. 


ALE/ADV 
Address 
Latch Enable or Address 
Valid output, as selected 
by CCR. Both pin options 
provide a signal to demultiplex 
the address from the address/data 
bus. When the pin is 
ADV, it goes inactive high at the end of the bus cycle. ALE/ ADV is activated 
only during 
external 
memory accesses. 


RD 
Read signal output to external 
memory. 
RD is activated 
only during external 
memory reads. 


WR/WRL 
Write and Write Low output to external 
memory, as selected 
by the CCR. WR will go low for 
every external write, while WRL will go low only for external writes where an even byte is 
being written. WR/WRL 
is activated 
only during external 
memory writes . 


BHE/WRH 
Bus High Enable or Write High output to external 
memory, as selected 
by the CCR. BHE will 
go low for external writes to the high byte of the data bus. WRH will go low for external 
writes where an odd byte is being written. 
BHE/WRH 
is activated 
only during external 
memory writes. 


READY 
Ready input to lengthen 
external 
memory cycles, for interfacing 
to slow or dynamic 
memory, or for bus sharing. When the external 
memory is not being used, READY has no 
effect. 


HSI 
Inputs to High Speed Input Unit. Four HSI pins are available: 
HSI.O, HSI.1, HSI.2 and HSI.3. 


Two of them (HSI.2 and HSI.3) are shared with the HSO Unit. 


HSO 
Outputs from High Speed Output Unit. Six HSO pins are available: 
HSO.O, HSO.1, HSO.2, 
HSI.3, HSO.4 and HSO.5. Two of them (HSO.4 and HSO.5) are shared with the HSI Unit. • 


Symbol 
Name and Function 


Port 0 
8-bit high impedance 
input-only 
port. These pins can be used as digital inputs and/or 
as 
analog inputs to the on-chip AID 
converter. 


Port 1 
8-bit quasi-bidirectional 
I/O port. 


Port 2 
8-bit multi-functional 
port. All of its pins are shared with other functions 
in the 80C196KD. 


Pins 2.6 and 2.7 are quasi-bidirectional. 


Ports 3 and 4 
8-bit bidirectional 
I/O ports with open drain outputs. These pins are shared with the 
multiplexed 
address/ 
data bus which has strong internal pullups. 


PMODE 
Determines 
the OTPROM 
programming 
mode. 


PACT 
A low signal in Auto Programming 
mode indicates 
that programming 
is in process. 
A high 
signal indicates 
programming 
is complete. 


PALE 
A falling edge in Slave Programming 
Mode and Auto Configuration 
Byte Programming 
Mode indicates 
that ports 3 and 4 contain valid programming 
address/command 
information 
(input to slave). 


PROG 
A falling edge in Slave Programming 
Mode indicates 
that ports 3 and 4 contain valid 
programming 
data (input to slave). 


PVER 
A high signal in Slave Programming 
Mode and Auto Configuration 
Byte Programming 
Mode indicates 
the byte programmed 
correctly. 


CPVER 
Cummulative 
Program Output Verification. 
Pin is high if all locations 
have programmed 
correctly 
since entering 
a programming 
mode. 


AINC 
Auto Increment. 
Active low input enables the auto increment 
mode. Auto increment 
allows 
reading or writing sequential 
EPROM locations 
without address transactions 
across the 
PBUS for each read or write. 


Ambient 
Temperature 
Under Bias 
- 55°C to + 125°C 


Storage Temperature 
- 65°C to + 150°C 


Voltage 
On Any Pin to Vss 
Except EA and Vpp 
-0.5V 
to + 7.0V(1) 


Voltage 
from EA or 
Vpp to Vss or ANGND 
-0.5V 
to + 13.00V 


Power Dissipation 
1.5W(2) 


NOTES: 
1. This includes Vpp and EA on ROM or CPU only devices. 
2. Power dissipation is based on package heat transfer lim- 
itations, not device power consumption. 


NOTICE: 
This 
document 
contains 
information 
on 
products in the design phase of development. 
Do not 
finalize a design with this information. 
Revised infor- 
mation will be published when the product 
is avail- 
able. 


• WARNING: Stressing the device beyond the "Absolute 
Maximum 
Ratings" 
may 
cause 
permanent 
damage. 


These are stress ratings 
only. Operation 
beyond 
the 


"Operating 
Conditions" 
is not recommended 
and ex- 
tended 
exposure 
beyond 
the 
"Operating 
Conditions" 


may affect device reliability. 


Symbol 
Description 
Min 
Max 
Units 


TA 
Ambient 
Temperature 
Under Bias 
0 
+70 
°C 


VCC 
Digital Supply Voltage 
3.00 
3.60 
V 


VREF 
Analog Supply Voltage 
3.00 
3.60 
V 


ANGND 
Analog Ground Voltage 
Vss 
- 
0.3 
Vss 
+ 0.3 
V(1) 


Fosc 
Oscillator 
Frequency 
8 
16 
MHz 


NOTE: 
1. ANGND and Vss should be nominally at the same potential. 


Symbol 
Description 
Min 
Max 
Units 
Test Conditions 


VIL 
Input Low Voltage 
-0.3 
0.8 
V 


VIL1 
Input Low Voltage 
on Quasi- 
-0.3 
+0.7 
V 
Bidirectional 
Pins 


VIL2 
Input Low Voltage on Reset 
-0.3 
+0.6 
V 


VIH 
Input High Voltage 
(Note 1) 
2.0 
Vcc 
+ 0.3 
V 


VHYS 
Hysteresis 
on RESET 
150 
mV 
Vcc 
= 3.3V 


VIH1 
Input High Voltage 
on XTAL 1 
0.7Vcc 
Vcc 
+ 0.3 
V 


VIH2 
Input High Voltage on RESET 
2.2 
Vcc 
+ 0.3 
V 


VOL 
Output 
Low Voltage 
0.4 
V 
IOL = 2.0 mA 


Vou 
Output 
Low Voltage 
0.8 
V 
IOL = +0.4 
mA 
in RESET on P2.5 (Note 2) 


VOH 
Output High Voltage 
2.4 
V 
IOH = -2.0 
mA 
(Standard 
Outputs) 
(Note 4) 


VOH1 
Output High Voltage 
2.4 
V 
IOH = -30 
p..A 
(Quasi-bidirectional 
Outputs) 
(Note 3) 


Symbol 
Description 
Mln 
Typ 
Max 
Units 
Test Conditions 


IOH1 
Logical 
1 Output Current in Reset 
TBD 
mA 
VIH = 2.0V 
on P2.0. Do not exceed this or 
device may enter test modes. 


IIL2 
Logical 0 Input Current in Reset on 
TBD 
mA 
VIN = OA5V 
P2.0. Maximum 
current that must 
be sunk by external device to 
ensure test mode entry. 


IIH1 
Logical 
1 Input Current. 
Maximum 
TBD 
fJ-A 
VIN = 2.0V 
current that external 
device must 
source to initiate NMI. 


III 
Input Leakage Current (Std. Inputs) 
±10 
fJ-A 
o < VIN < Vcc 
- 
O.3V 
(Note 5) 


ILl1 
Input Leakage Current (Port 0) 
±3 
fJ-A 
0< 
VIN < VREF 


ITL 
1 to 0 Transition 
Current (QBD Pins) 
-650 
fJ-A 
VIN = 1.2V 


IlL 
Logical 0 Input Current (QBD Pins) 
-70 
fJ-A 
VIN = OAOV 


11L1 
AD Bus in Reset 
-70 
fJ-A 
VIN = OAOV 


Icc 
Active Mode Current in Reset 
30 
40 
mA 
XTAL1 = 16 MHz 


Vcc = Vpp = VREF = 3.6V 


IIDLE 
Idle Mode Current 
10 
15 
mA 
XTAL 1 = 16 MHz 
Vcc = Vpp = VREF = 3.6V 


IpD 
Powerdown 
Mode Current 
8 
15 
fJ-A 
Vcc = Vpp = VREF = 3.6V 


IREF 
AID 
Converter 
Reference 
Current 
2 
5 
mA 
Vcc = Vpp = VREF = 3.6V 


RRST 
Reset Pullup Resistor 
6K 
65K 
n 


Cs 
Pin Capacitance 
(Any Pin to VSS) 
10 
pF 


NOTES: 
1. All pins except RESET. 
2. Violating these specifications in Reset may cause the part to enter test modes. 
3. QSD (Quasi-bidirectional) pins include Port 1, P2.6 and P2.7. 
4. Standard Outputs include ADO-15, RD, WR, ALE, SHE, INST, HSO pins, PWM/P2.5, CLKOUT, RESET, Ports 3 and 4, 
TXD/P2.0 
and RXD (in serial mode 0). The VOHspecification is not valid for RESET. Ports 3 and 4 are open-drain outputs. 


5. Standard Inputs include HSI pins, READY, SUSWIDTH, RXD/P2.1, EXTINT/P2.2, T2CLK/P2.3 and T2RST/P2.4. 
6. Maximum current per pin must be ex1ernally limited to the following values if VOL is held above 0.45V or VOH is held 
below Vcc - 
O.7V: 
IOl on Output pins: 10 mA 
IOHon quasi-bidirectional pins: self limiting 
IOHon Standard Output pins: 10 mA 
7. Maximum current per bus pin (data and control) during normal operation is ± 3.2 mA. 
8. During normal (non-transient) conditions the following total current limits apply: 
Port 1, P2.6 
IOl: 29 mA 
IOHis self limiting 
HSO, P2.0, RXD, RESET 
IOl: 29 mA 
IOH:26 mA 
P2.5, P2.7, WR, SHE 
'Ol: 13 mA 
IOH:11 mA 
ADO-AD15 
IOl: 52 mA 
IOH:52 mA 
RD, ALE, INST-CLKOUT 
IOl: 13 mA 
IOH:13 mA 


50 


45 


40 
Ice 
Max 


35 


30 
Ice 
Typ 


mA 
25 


20 


15 
IIOLE Max 


10 
10LE Typ 


5 


0 
0 
4.0 
8.0 
12.0 
16.0 


FREOUENCY 
(104Hz) 
272254-6 


NOTE: 
Frequencies 
below 
B MHz are shown 
for reference 
only; no testing 
is performed. 


TARGETED 
AC CHARACTERISTICS 
For use over specified 
operating 
conditions. 


Test Conditions: 
Capacitive 
load on all pins = 100 pF, Rise and fall times = 10 ns, FOSC = 16 MHz 


The system 
must meet these 
specifications 
to work with the 80L 196KD: 


Symbol 
Description 
Min 
Max 
Units 
Notes 


TAVYV 
Address 
Valid to READY Setup 
2 Tosc 
- 
90 
ns 


TYLYH 
Non READY Time 
No upper limit 
ns 


TCLYX 
READY Hold after CLKOUT 
Low 
0 
Tosc 
- 
30 
ns 
(Note 1) 


TAVGV 
Address 
Valid to Buswidth 
Setup 
2 Tosc 
- 
68 
ns 


TCLGX 
Buswidth 
Hold after CLKOUT 
Low 
0 
ns 


TAVDV 
Address 
Valid to Input Data Valid 
3 Tosc 
- 
60 
ns 
(Note 2) 


TRLDV 
RD Active to Input Data Valid 
Tosc 
- 
30 
ns 
(Note 2) 


TCLDV 
CLKOUT 
Low to Input Data Valid 
Tosc 
- 
50 
ns 


TRHDZ 
End of RD to Input Data Float 
Tosc 
ns 


TRXDX 
Data Hold after RD Inactive 
0 
ns 


NOTES: 
1. If max is exceeded, 
additional 
wait states 
will occur. 
2. If wait states 
are used, add 2 Tase • N, where 
N = number 
of wail states. 
• 


TARGETED 
AC CHARACTERISTICS 
(Continued) 
For use over specified 
operating 
conditions. 


Test Conditions: 
Capacitive 
load on all pins = 100 pF, Rise and fall times = 10 ns, FOSC = 16 MHz 


Symbol 
Description 
Min 
Max 
Units 
Notes 


FXTAL 
Frequency 
on XTAL 1 
8 
16 
MHz 
(Note 1) 


TOSC 
I/FxTAL 
62.5 
125 
ns 


TXHCH 
XTAL 1 High to CLKOUT 
High or Low 
+20 
+ 110 
ns 


TCLCL 
CLKOUT 
Cycle Time 
2 TOSC 
ns 


TCHCL 
CLKOUT 
High Period 
TOSC - 
10 
Tosc+15· 
ns 


TCLLH 
CLKOUT 
Falling Edge to ALE Rising 
-10 
+33 
ns 


TLLCH 
ALE Falling Edge to CLKOUT 
Rising 
-20 
+15 
ns 


TLHLH 
ALE Cycle Time 
4 TOSC 
ns 
(Note 4) 


TLHLL 
ALE High Period 
TOSC - 
14 
TOSC+ 10· 
ns 


TAVLL 
Address 
Setup to ALE Falling Edge 
Tosc 
- 
15 


TLLAX 
Address 
Hold after ALE Falling Edge 
Tosc 
- 
40 
ns 


TLLRL 
ALE Falling Edge to RD Falling Edge 
TOSC - 
42 
ns 


TRLCL 
RD Low to CLKOUT 
Falling Edge 
+4 
+30 
ns 


TRLRH 
RD Low Period 
TOSC - 
5 
ns 
(Note 4) 


TRHLH 
RD Rising Edge to ALE Rising Edge 
Tosc 
Tosc 
+ 37 
ns 
(Note 2) 


TRLAZ 
RD Low to Address 
Float 
+5 
ns 


hLWL 
ALE Falling Edge to WR Falling Edge 
Tosc 
- 
17 
ns 


TCLWL 
CLKOUT 
Low to WR Falling Edge 
0 
+25 
ns 


TQVWH 
Data Stable to WR Rising Edge 
TOSC - 
23 
(Note 4) 


TCHWH 
CLKOUT 
High to WR Rising Edge 
-10 
+15 
ns 


TWLWH 
WR Low Period 
TOSC - 
20 
ns 
(Note 4) 


TWHQX 
Data Hold after WR Rising Edge 
Tosc 
- 
33 
ns 


TWHLH 
WR Rising Edge to ALE Rising Edge 
Tosc 
- 
10 
Tosc 
+ 19 
ns 
(Note 2) 


TWHBX 
SHE, INST after WR Rising Edge 
Tosc 
- 
10 
ns 


TWHAX 
AD8-15 
HOLD after WR Rising 
TOSC - 
30 
ns 
(Note 3) 


TRHBX 
SHE, INST after RD Rising Edge 
Tosc 
- 
10 
ns 


TRHAX 
AD8-15 
HOLD after RD Rising 
TOSC - 
30 
ns 
(Note 3) 


NOTES: 
1. Testing 
performed 
at a MHz. However, 
the device 
is static 
by design 
and will typically 
operate 
below 
1 Hz. 


2. Assuming 
back-to-back 
bus cycles. 
3. a-Bit bus only. 
4. If wait states 
are used, add 2 TOSC • N, where 
N = number 
of wait states. 


BUS --< 


'!"I 
---------------- 


DATA 
OUT 
~_( 
__ 
A_D_DR_E_S_S 
_ 


LTRHBX• 


ITwHBX 


TRlDV + 2 Tose --l 


TAVDV + 2 Tose -----I (-~-ATA-)-»)->>>_--- 


I 


r--- TAVGV 


--< 


Symbol 
Parameter 
Min 
Max 
Units 


1/TXLXL 
Oscillator 
Frequency 
8 
16.0 
MHz 


TXLXL 
Oscillator 
Period 
62.5 
125 
ns 


TXHXX 
High Time 
20 
ns 


TXLXX 
Low Time 
20 
ns 


TXLXH 
Rise Time 
10 
ns 


TXHXL 
Fall Time 
10 
ns 


• 


NOTE: 
Keep 
oscillator 
components 
close 
to 
chip 
and 
use 
short, 
direct 
traces 
to XTAl1, 
XTAL2 
and Vss. 
When 
using 
ceramic 
crystals, 
C1 = 
20 
pF, 
C2 = 
20 
pF. 
When 
using 
ceramic 
resonators 
consult 
manufacturer 
for recommended 
circuitry. 


2.4 
J1.5 
TEST POINTS --- 
1.5X= 


0.40 
----------- 
272254-13 
AC Testing 
inputs 
are driven 
at2AV 
for a Logic 
"1" 
and OAOV for 
a Logic 
"0" 
Timing 
measurements 
are made 
at 1.5V for a Logic 
"1" 
and for a Logic 
"0". 


NOTE: 
"Required 
if TTL driver 
used. 
Not needed 
if CMOS 
driver is used. 


VLOAD+C' 15 v 
V 
LOAD 
·~._ •.TIMING 
REFERENCE __ 


--- 
POINTS 
--... 


VLOAO-O. 
15 V 
VOL+0.15V 


272254-14 
For 
Timing 
Purposes 
a Port 
Pin is no 
Longer 
Floating 
when 
a 
150 
mV change 
from 
Load 
Voltage 
Occurs, 
and 
Begins 
to Float 
when 
a 150 mV change 
from 
the Loaded 
VOHIVOL 
Level 
occurs 
10L/loH 
~ 
± 15 mA. 


Each symbol is two pairs of letters prefixed by "T" for time. The characters in a pair indicate a signal and its 
condition, respectively. Symbols represent the time between the two signal/condition 
points. 


Conditions: 


H- 
High 


L- 
Low 


V- 
Valid 


X- 
No Longer Valid 


Z- 
Floating 


Signals: 


A- 
'Address 


B- 
BHE 


C- 
CLKOUT 


0- 
DATA 


G- 
Buswidth 


H- 
HOLD 


HA-HLDA 


L- 
ALE/ADV 


BR- 
BREQ 


R- 
RD 


W- 
WR/WRH/WRL 


X- 
XTAL1 


Y- 
READY 


Q- 
Data Out 


Symbol 
Parameter 
Min 
Max 
Units 


TXLXL 
Serial Port Clock Period (BRR ~ 8002H) 
6 TOSC 
ns 


TXLXH 
Serial Port Clock Falling Edge 
4 TOSC -50 
4 TOSC +50 
ns 
to Rising Edge (BRR ~ 8002H) 


TXLXL 
Serial Port Clock Period (BRR = 8001 H) 
4 TosC 
ns 


TXLXH 
Serial Port Clock Falling Edge 
2 Tosc 
-50 
2 Tosc 
+50 
ns 
to Rising Edge (BRR = 8001 H) 


TQVXH 
Output Data Valid to Clock Rising Edge 
2 Tosc 
- 
50 
ns 


TXHQX 
Output Data Hold after Clock Rising Edge 
2 Tosc 
- 
50 
ns 


TXHQV 
Next Output Data Valid after Clock Rising Edge 
2 Tosc 
+ 50 
ns 


TOVXH 
Input Data Setup to Clock Rising Edge 
Tosc 
+50 
ns 


TXHOX 
Input Data Hold after Clock Rising Edge 
0 
ns 


TXHQZ 
Last Clock Rising to Output Float 
1 Tosc 
ns 


TXD ---l..J 


TQVXH-j I- 


RXD 


(OUT) 


A to 0 CHARACTERISTICS 
The AID 
converter 
is ratio metric, 
so absolute 
accuracy 
is dependent 
on the accuracy 
and stability 
of VREF. 


Symbol 
Description 
Min 
Max 
Units 


TA 
Ambient 
Temperature 
Commercial 
Temp. 
0 
+70 
'c 


VCC 
Digital Supply Voltage 
3.0 
3.6 
V 


VREF 
Analog Supply Voltage 
3.0 
3.6 
V 


ANGND 
Analog Ground Voltage 
VSS - 0.30 
VCC + 0.30 
V 


TSAM 
Sample Time 
1.0 
J.Ls(1) 


TCONV 
Conversion 
Time 
10 
20 
J.Ls(1) 


Fosc 
Oscillator 
Frequency 
8.0 
16.0 
MHz 


NOTE: 
1. The value of AD_TIME is selected to meet these specifications. 


Parameter 
Typical(1) 
Minimum 
Maximum 
Units' 
Notes 


Resolution 
1024 
1024 
Levels 
10 
10 
Bits 


Absolute 
Error 
0 
±3 
LSBs 


Full Scale Error 
0.25 ± 0.5 
LSBs 


Zero Offset Error 
0.25 ± 0.5 
LSBs 


Non-Linearity 
1.0 ± 2.0 
0 
±3 
LSBs 


Differential 
Non-Linearity 
Error 
> -1 
+2 
LSBs 


Channel-to-Channel 
Matching 
±0.1 
0 
±1 
LSBs 


Repeatability 
±0.25 
LSBs 


Temperature 
Coefficients: 
Offset 
0.009 
LSBrC 
Full Scale 
0.009 
LSBrC 
Differential 
Non-Linearity 
0.009 
LSBrC 


Off Isolation 
-60 
dB 
2,3 


Feedthrough 
-60 
dB 
2 


VCC Power Supply Rejection 
-60 
dB 
2 


Input Series Resistance 
750 
1.2K 
.n 
4 


Voltage 
on Analog 
Input Pin 
ANGND 
- 0.3 
VREF + 0.3 
V 
5,6 


DC Input Leakage 
0 
±3.0 
J.LA 


Sampling 
Capacitor 
3 
pF 


NOTES: 
'An "LSB" as used here has a value of approxiimately 3 mV. (See Embedded Microcontrollers and Processors Handbook 
for AID glossary of terms.) 
1. These values are expected for most parts at 25°C but are not tested or guaranteed. 
2. DC to 100 KHz. 
3. Multiplexer Break-Before-Make is guaranteed. 
4. Resistance from device pin, through internal MUX, to sample capacitor. 
5. These values may be exceeded if the pin current is limited to ± 2 mA. 
6. Applying voltages beyond these specifications will degrade the accuracy of other channels being converted. 
7. All conversions performed with processor in IDLE mode. 


Symbol 
Description 
Mln 
Max 
Units 


TA 
Ambient 
Temperature 
Commercial 
Temp. 
0 
+70 
·C 


Vcc 
Digital Supply Voltage 
3.0 
3.6 
V 


VREF 
Analog Supply Voltage 
3.0 
3.6 
V 


ANGND 
Analog Ground Voltage 
Vss -0.30 
Vss + 0.30 
V 


TSAM 
Sample Time 
1.0 
fLS(l) 


TCONV 
Conversion 
Time 
7 
20 
fLS(l) 


Fosc 
Oscillator 
Frequency 
8.0 
16.0 
MHz 


NOTE: 
1. The value of AD_TIME is selected to meet these specifications. 


Parameter 
Typical(1) 
Minimum 
Maximum 
Units' 
Notes 


Resolution 
256 
256 
Levels 
8 
8 
Bits 


Absolute 
Error 
0 
±1 
LSBs 


Full Scale Error 
±0.5 
LSBs 


Zero Offset Error 
±0.5 
LSBs 


Non-Linearity 
0 
±1 
LSBs 


Differential 
Non-Linearity 
Error 
> -1 
+1 
LSBs 


Channel-to-Channel 
Matching 
±1 
LSBs 


Repeatability 
±0.25 
LSBs 


Temperature 
Coefficients: 


Offset 
0.003 
LSBrC 
Full Scale 
0.003 
LSBrC 
Differential 
Non-Linearity 
0.003 
LSBrC 


Off Isolation 
-60 
dB 
2,3 


Feedthrough 
-60 
dB 
2 


Vcc Power Supply Rejection 
-60 
dB 
2 


Input Series Resistance 
750 
1.2K 
n 
4 


Voltage 
on Analog 
Input Pin 
Vss 
- 
0.3 
VREF + 0.3 
V 
5,6 


DC Input Leakage 
0 
±3.0 
fLA 


Sampling 
Capacitor 
3 
pF 


NOTES: 
'An "LSB" as used here has a value of approximately 12 mY. (See Embedded Microcontrollers and Processors Handbook 
for AID glossary of terms). 
1. These values are expected for most parts at 25°C but are not tested or guaranteed. 
2. DC to 100 KHz. 
3. Multiplexer Break-Before-Make is guaranteed. 
4. Resistance from device pin, through internal MUX, to sample capacitor. 
5. These values may be exceeded if pin current is limited to ± 2 mA. 
6. Applying voltages beyond these specifications will degrade the accuracy of other channels being converted. 
7. All conversions performed with processor in IDLE mode. 


Symbol 
Description 
Min 
Max 
Units 


TA 
Ambient 
Temperature 
During Programming 
20 
30 
C 


Vcc 
Supply Voltage 
During Programming 
4.5 
5.5 
V(1) 


VREF 
Reference 
Supply Voltage 
During Programming 
4.5 
5.5 
V(1) 


Vpp 
Programming 
Voltage 
12.25 
12.75 
V(2) 


VEA 
EA Pin Voltage 
12.25 
12.75 
V(2) 


Fosc 
Oscillator 
Frequency 
during Auto and Slave 
6.0 
8.0 
MHz 
Mode Programming 


NOTES: 
1. Vcc and VREFshould nominally be at the same voltage during programming. 
2. Vpp and VEA must never exceed the maximum specification, or the device may be damaged. 
3. Vss and ANGND should nominally be at the same potential (OV). 
4. Load capacitance during Auto and Slave Mode programming = 150 pF. 


Symbol 
Description 
Min 
Max 
Units 


TSHLL 
Reset High to First PALE Low 
1100 
Tosc 


TLLLH 
PALE Pulse Width 
50 
Tosc 


TAVLL 
Address 
Setup Time 
0 
Tosc 


TLLAX 
Address 
Hold Time 
100 
Tosc 


TpLDV 
PROG Low to Word Dump Valid 
50 
Tosc 


TpHDX 
Word Dump Data Hold 
50 
Tosc 


TDVPL 
Data Setup Time 
0 
Tosc 


TpLDX 
Data Hold Time 
400 
Tosc 


TpLPH(l) 
PROG Pulse Width 
50 
Tosc 


TpHLL 
PROG High to Next PALE Low 
220 
Tosc 


TLHPL 
PALE High to PROG Low 
220 
Tosc 


TpHPL 
PROG High to Next PROG Low 
220 
Tosc 


TpHIL 
PROG High to AINC Low 
0 
Tosc 


TILIH 
AINC Pulse Width 
240 
Tosc 


TILVH 
PVER Hold after AINC Low 
50 


/' 


Tosc 


TILPL 
AINC Low to PROG Low 
170 
Tosc 


TpHVL 
PROG High to PVER Valid 
220 
Tosc 


NOTE: 
1. This specification is for the Word Dump Mode. For programming pulses, use the Modified Quick Pulse Algorithm. 


Symbol 


Ipp 


Description 


Vpp Supply Current (When Programming) 


NOTE: 
Do not apply 
Vpp until Vcc 
is stable 
and within 
specifications 
and the oscillator/clock 
has stabilized 
or the device 
may be 


damaged. 


NOTE: 
P3.O must be high ("1") 


NOTE: 
P3.0 must be low ("0") 


SLAVE 
PROGRAMMING 
MODE TIMING 
IN DATA 
PROGRAM 
WITH 
REPEATED 
PROG 
PULSE AND 
AUTO INCREMENT 


ADDR 
ADDR 
ADDR+ 2 


-----""'( 
ADDR!COt.4t.4AND>--< 
DATA 
)~---~ 
DATA >-- 


This data sheet is valid for devices 
with a "S" 
at the 
end of the topside 
tracking 
number. 
Data sheets are 
changed 
as new device 
information 
becomes 
avail- 
able. Verify with your local Intel sales office that you 
have the latest version 
before 
finalizing 
a design 
or 
ordering 
devices. 


•• 
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8XC196KR/KQ/JR/JQ 
COMMERCIAL/EXPRESS 
CHMOS MICROCONTROLLER 
87C196KR/KQ/JR/JQ-16 
Kbytes of On-Chip OTPROM 
80C196KR/KQ/ 
JR/ JQ-ROMless 
• High Performance 
CHMOS 16-Blt CPU 
• High-Speed 
Peripheral 
Transaction 
• 16 MHz Operating 
Frequency 
Server (PTS) 
• Up to 488 Bytes of On-Chip Register 
• Two Programmable 
16-Bit Timer/ 


RAM 
Counters 
with Prescale, 
Cascading, 
Standard 
and Quadrature 
Counting 
• 256 Bytes of Additional 
RAM 
Inputs 
(Code or Data RAM) 
• 10 High-Speed 
Capture/Compare 
(EPA) 
• Register-Register 
Architecture 
Two Dedicated 
High Speed Compare 
• 
• 8 Channel/10-Bit 
AID with Sample/Hold 
Registers 
• 37 Prioritized 
Interrupt 
Sources 
• Two Flexible 
16-Blt Timer/Counters 
• Up to Seven 8-Bit (56) 110 Ports 
• Quadrature 
Counting 
Inputs 
• Full Duplex Serial I/O Port (SIO) and 
• Flexible 
8-/16-Blt 
External 
Bus 
Full Duplex Synchronous 
Serial I/O 
• Programmable 
Bus (HOLD/HLDA) 
Port (SSIO) with Dedicated 
Baud Rate 
Generators 
• 1.75 ,...S 16 x 16 Multiply 
• Interprocessor 
Communication 
Slave 
• 3 ,...s32/16 Divide 
Port 
• Extended 
Temperature 
Available 
• Watchdog 
Timer 
• 68-Pin and 52-Pin PLCC Packages 


Device 
Pins/Package 
OTPROM 
Reg RAM 
Internal 
RAM 
I/O 
EPA 
510 
5510 
A/D 


87C196KR 
68 P PLCC 
16K 
512 
256 
56 
10 
Y 
Y 
8 


87C196KQ 
68 P PLCC 
12K 
384 
128 
56 
10 
Y 
Y 
8 


87C196JR 
52 pPLCC 
16K 
512 
256 
41 
6 
Y 
Y 
6 


87C196JQ 
52 P PLCC 
12K 
384 
128 
41 
6 
Y 
Y 
6 


80C196KR 
68 P PLCC 
0 
512 
256 
56 
10 
Y 
Y 
8 


80C196KQ 
68 P PLCC 
0 
384 
128 
56 
10 
Y 
Y 
8 


80C196JR 
52 P PLCC 
0 
512 
256 
41 
6 
Y 
Y 
6 


80C196JQ 
52 pPLCC 
0 
384 
128 
41 
6 
Y 
Y 
6 


The 87C196KR/KQ/JR/JQ 
devices 
represent 
the 4th generation 
of MCS@-96 products 
implemented 
on In- 


tel's advanced 
1 micron 
process 
technology. 
These products 
are members 
of the 80C196 
family of devices 
and the instruction 
set is the same as that of the 80C196KC. 
The 87C196JR 
is a 52-lead 
version 
of the 
87C196KR 
device, while the 87C196KQ/ 
JQ are memory scalars of the 87C196KR/ 
JR. 


The MCS-96@ family members 
are all high-performance 
microcontrollers 
with a 16-bit CPU. The 87C196KR 
is 
9 


composed 
of the high-speed 
(16 MHz) core as well as the following 
peripherals: 
up to 16 Kbytes of on-chip 
EPROM, up to 512 bytes of Register 
RAM, 256 bytes of Code RAM, an eight-channeI10-bit 
analog to digital 


converter, 
an (8096 compatible) 
asynchronous/synchronous 
serial I/O port, an additional 
synchronous 
serial 


I/O 
port, 10 modularized 
multiplexed 
capture 
and compare 
channels 
(called 
the Event 
Processor 
Array), 
a 
sophisticated 
prioritized 
interrupt 
structure 
with the programmable 
Peripheral 
Transaction 
Server (PTS). 


With the commercial 
(standard) 
temperature 
option, operational 
characteristics 
are guaranteed 
over the tem- 
perature 
range of O·C to + 70·C. With the extended 
(Express) 
temperature 
range option, 
operational 
charac- 
teristics 
are guaranteed 
over the temperature 
range of - 40·C to + 85·C. Unless otherwise 
noted, the specifi- 


cations 
are the same for both options . 


.------------------------. 
IIIII 
II 
I 
I 
I._---- ----- 


CONTROl SIGNALS 


AOOR/OATA BUS 


O_No<').""..o 
I- 
~ 
•••.•••. 
1- 
•••. I- 
~~~fff~ 


OFFFFH 
External 
06000H 
Memory 


05FFFH 
Internal ROM/EPROM 
02080H 
or External Memory 


0207FH 
Reserved 
0205EH 


0205DH 
PTS Vectors 
02040H 


0203FH 
Interrupt 
02030H 
Vectors (upper) 


0202FH 
ROM/EPROM 
02020H 
Security Key 


0201FH 
Reserved 


0201BH 
Reserved 
(must contain 20H) 


0201AH 
CCB1 


02019H 
Reserved 
(must contain 20H) 


02018H 
CCBO 


02017H 
Reserved 
02014H 


02013H 
Interrupt 
02000H 
Vectors 
(lower) 


01FFFH 
Internal SFRs 
01 FOOH 


01EFFH 
External 
00500H 
Memory 


004FFH 
Internal RAM 
00400H 


003FFH 
External 
00200H 
\. 
Memory 


001FFH 
Register 
File 
18H 


17H 
CPU SFR's 
OOH 
NOTES: 
1. Reserved 
memory 
locations 
must contain 
OFFH unless 
noted. 
2. Reserved 
SFR bit locations 
must contain 
OH unless 
noted. 
3. WARNING: 
Reserved 
memory 
locations 
must not be written 
or read. The contents 
and/or 
function 
of these 
locations 
may 
change 
with 
future 
revisions 
of the 
device. 
Therefore, 
a program 
that 
relies 
on one 
or more 
of these 
locations 
may not 
function 
properly. 


The 8XC196KRI 
JR/KOI 
JO is manufactured 
on PX29.5, a CHMOS IV process. Additional 
process and reliabil- 
ity information 
is available 
in Intel's Components 
Quality and Reliability 
Handbook, 
Order Number 210997. 


Device 
Commercial 
Express 
PLCC 
PLCC 


80C196KR 
N80C196KR 
°TN80C196KR 


80C196JR 
N80C196JR 
°TN80C196JR 


80C196KO 
N80C196KO 
°TN80C196KO 


80C196JO 
N80C196JO 
°TN80C196JO 


87C196KR 
N87C196KR 
°TN87C196KR 


87C196JR 
N87C196JR 
°TN87C196JR 


87C196KO 
N87C196KO 
°TN87C196KO 


87C196JO 
N87C196JO 
°TN87C196JO 


Package 
°ja 
°je 


52-Lead PLCC 
35°C/W 
12°C/W 


68-Lead PLCC 
35°C/W 
13°C/W 


All thermal 
impedance 
data is approximate 
for static air conditions 
at 1W of power dissipation. 
Values 
will 
change 
depending 
on operating 
conditions 
and application. 
See Intel Packaging 
Handbook, 
(Order Number 
240800) 
for a description 
of Intel's thermal 
impedance 
test methodology. 
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NOTE: 
'In 
earlier versions 
of documentation 
these pins were referred 
to as: 


INTOUT -+ 
INTtNTOUT 
BREQ-+ 
fNTB 
BUSWIDTH 
-+ 
BUSW 
HOLD-+HLD 


P6.2/T 
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P6.0/EPA8 


P 1.0/EPAO/T2ClK 


Pl.l/EPA 
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P 1.2/EPA2/T2DIR 
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ANGND 
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NOTE: 
'In earlier versions 
of documentation 
these pins were referred 
to as: 
INTOUT - 
INTINTOUT 
Bi'fEO - 
INTB 
BUSWIDTH 
- 
BUSW 
HOLD- 
RIT5 


P6.1/EPA9 


P6.o/EPA8 


P 1.0/EPAO 


P1.1/EPA1 


p1.2/EPA2 


P1.3/EPA3 


IIREf 


ANGND 


po. 7/P~ODE.31 ACH7 


PO.6/P~ODE.21 
ACH6 


PO.S/p~ODE. 11ACHS 


Po .• /p~ODE.ol 
ACH. 


pO.3/ACH3 


• 


Symbol 
Name and Function 


Vcc 
Main supply voltage (+ 5V). 


Vss 
Digital circuit ground (OV). There are three Vss pins, all of which MUST be 
connected. 


VREF 
Reference 
for the AID cohverter (+ 5V). VREF is also the supply voltage to the 
analog portion of the AID converter 
and the logic used to read Port O. Must be 
connected 
for A/D and Port 0 to function. 


ANGND 
Reference 
ground for the A/D converter. 
Must be held at nominally the same 
potential as Vss. 


Vpp 
Programming 
voltage for the OTPROM parts. It should be + 12.5V for 
programming. 
It is also the timing pin for the return from powerdown 
circuit. If this 
function 
is not used, Vpp must be tied to Vcc. 


ACHO-ACH7/PORTO 
Analog inputs to the on-chip AID converter. 


AINC 
Input to automatically 
increment 
the address when in Programming 
mode. 


ALE/ ADV /P5.0 
Address Latch Enable or Address Valid output, as selected 
by CCR. Both Pl!!- 


options allow a latch to demultiplex 
the address/data 
bus. When the pin is ADV, it 
goes inactive (high) at the end of the bus cycle. When the pin is ALE, the address 
can be latched on the falling edge. ALE/ ADV is active only during external memory 
accesses. 
Can be used as standard 
I/O when not used as ALE. 


BHE/WRH/P5.5 
Byte High Enable or Write High output, as selected 
by the CCR. BHE = 0 selects 
the bank of memory that is connected 
to the high byte of the data bus. If the WRH 
function 
is selected, the pin will go low if the bus cycle is writing to an odd memory 
location. BHE/WRH 
is only valid during 16-bit external memory cycles. Can be 
used as standard 
I/O when not used as BHE/WRH. 


BREQ/P2.3 
Bus Request output activated when the bus controller 
has a pending external 
memory cycle. Can be used as standard 
I/O when not used as BREQ. 


BUSWIDTH/P5.7 
Input for bus width selection. 
If CCR bit 1 = 1 and CCR1 bit 2 = 1, this pin 
dynamically 
controls the Bus width of the bus cycle in progress. 
If BUSWIDTH 
is 
low, an 8-bit cycle occurs. If BUSWIDTH 
is high, a 16-bit cycle occurs. Can be used 
as standard 
I/O when not used as BUSWIDTH. 


CLKOUT /P2.7 
Output of the internal clock generator. 
The frequency 
is % the oscillator 
frequency. 


it has a 50% duty cycle. Can be used as standard 
I/O when not used as CLKOUT. 


CPVER 
Cumulative 
Program Verify output. indicates 
when all EPROM locations 
program 
correctly. 


EA 
Input for memory select (External Access). EA = 1 causes memory accesses 
from 
locations 
2000H to 5FFFH to be directed to on-chip EPROM/ROM. 
EA = 0 causes 
all memory accesses 
to be directed to off-chip memory. EA = + 12.5V causes 
execution 
to begin in the Programming 
Mode. EA is latched at reset. 


EPAO-7/PORT1 
Event Processor 
Array pin for High Speed capture and compare. 
EPAO and EPA2 
EPA8-9/P6.0-6.1 
also function as T2CLK and T2DIR. Can be used as standard 
I/O when not used as 
EPA or T2 clock functions. 


EXTINT /P2.2 
A positive transition 
on this pin causes a maskable interrupt vector through memory 
location 203CH. May be used as standard 
I/O if not used as EXTINT. 


HLDAlP2.6 
Bus Hold Acknowledge 
output indicating 
release of the bus. Can be used as 
standard 
I/O when not used as HLDA. 


HOLD/P2.5 
Bus Hold input requesting 
control of the bus. Can be used as standard 
I/O when 
not used as HOLD. 


Symbol 
Name and Function 


INST/P5.1 
Output high during an external memory instruction 
fetch. INST is valid throughout 
the bus cycle. INST is low otherwise. 
Can be used as standard 
I/O when not used 
as INST. 


INTOUT /P2.4 
Interrupt output indicating that a pending interrupt requires use of the external bus. 
Can be used as standard 
I/O if not used as INTOUT. 


NMI 
A positive transition 
causes a non-maskable 
interrupt vector through memory 
location 203EH. If not used, this pin should be tied to Vss. May be used by Intel 
Evaluation boards. 


PACT 
Output that indicates when the device is currently programming 
itself. Not active 
during slave programming. 


PALE 
Input to latch the address during programming 
modes. 


PMODE.0-PMODE.3 
Programming 
mode select inputs. 


PORTO 
8-bit high impedance 
input-only 
port. Also used as A/D converter 
inputs. Port 0 pins 
should not be left floating. These pins are also used as inputs by EPROM parts to 
select the Programming 
Mode. 


PORT1 
8-bit bidirectional 
standard 
I/O port. All of its pins are shared with the EPA. 


PORT2 
8-bit bidirectional 
standard 
I/O Port. All of its pins are shared with other functions 
(TxD, RxD, EXTINT, BREQ, INT 
UT, HOLD, HLDA, CLKOUT). 


PORT3 
8-bit bidirectional 
standard I/O with open drain outputs. These pins are shared with 
PORT4 
the multiplexed 
address/data 
bus which uses strong internal pullups. 


PORT5 
8-bit bidirectional 
standard 
1/Q...Port.All of its pins are shared with other functions 
(ALE/ ADV, INST, WR/WRL, 
RD, SLPINT, BHE/WRH, 
READY, BUSWIDTH). 


PORT6 
8-bit bidirectional 
standard 
I/O port. All of its pins are shared with other functions 
(EPA8, EPA9, T1CLK, T1DIR, SCO, SOO, SC1, SD1). 


PFfOG 
Programming 
mode enable input. 


PVER 
Program Verify output. Goes high after a byte/word 
is programmed 
to indicate a 
successful 
operation. 


RD/P5.3 
Read signal output to external memory. RD is low only during external memory 
reads. Can be used as standard 
I/O when not used as RD. 


READY/P5.6 
Ready input to lengthen external memory cycles. If READY = 1, CPU operation 
continues 
in a normal manner. If READY = 0 with the appropriate 
timings, the 
memory controller 
inserts wait states until the next positive transition 
of CLKOUT 
occurs with READY = 1. Can be used as standard 
I/O when not used as READY. 


RESET 
Reset input to and output from the chip. Held low for at least 16 state times to reset 
the chip. The subsequent 
low to high transition 
resynchronizes 
CLKOUT and 
commences 
a 1O-state time sequence. 
Input high for normal operation. 
RESET has 
an internal pullup. 


RXD/P2.1 
Receive data input pin for the Serial I/O port. Can be used as standard 
I/O if not 
used as RXD. 


SLPCS 
Slave port chip select input pin. Can be used as standard 
I/O if not used as SLPCS. 


SLPINT /P5.4 
Slave Port Interrupt Output pin. Can be used as standard 
I/O when not used as 
SLPINT. 


SSI0/P6.4-6.7 
Synchronous 
Serial I/O pins. SCO/SC1 serve as clock pins and SDO/SD1 are data 


(SCO, SDO, SC1, SD1) 
pins. Can be used as standard 
I/O if not used for serial I/O. 
• 


Symbol 
Name and Function 


T1ClK/P6.2 
TIMER1 Clock input. The timer increments 
or decrements 
on both positive and negative 
edges. Can be used as standard 
liD when not used as T1 ClK. 


T1DIR/P6.3 
TIMER1 Direction 
input. The timer increments 
when this pin is high and decrements 
when 
this pin is low. Can be used as standard 
liD when not used as T1 DIR. 


T2ClK/P1.0 
T1MER2 Clock input. The timer increments 
or decrements 
on both positive and negative 
edges. Can be used as standard 
liD when not used as T2ClK. 


T2DIR/P1.2 
TIMER2 
Direction input. The timer increments 
when this pin is high and decrements 
when 
this pin is low. Can be used as standard 
liD when not used as T2DIR. 


TXD/P2.0 
Transmit 
data output pins for the Serial 110 port. Can be used as standard 
liD if not used 
as TXD. 


WR/WRLlP5.2 
Write and Write low 
output to external memory. WR will go low for every external write. 


WRl 
will go low only for external writes where an even byte is being written. WR/WRl 
is 
active only during external memory writes. Can be used as standard 
liD when not used as 
WR/WRL. 


XTAl1 
Input of the oscillator 
inverter and the internal clock generator. 
This pin should be used 
when using an external clock source. 


XTAl2 
Output of the oscillator 
inverter. 


ELECTRICAL 
CHARACTERISTICS 
ABSOLUTE 
MAXIMUM 
RATINGS·· 


Storage Temperature 
- 60'C to + 150'C 


Ambient 
Temperature 
under Bias 
- 55'C to + 125'C 


Voltage 
from Vpp or EA to 
Vss or ANGND 
- 0.5V to + 13.0V 


Voltage 
from Any Other Pin 
to VSS or ANGND 
-0.5V 
to + 7.0V 
This includes 
Vpp on ROM and CPU devices. 


Power Dissipation 
1.0W 
(based on PACKAGE 
heat transfer 
limitations, 


not device 
power consumption) 


NOTICE: This data sheet contains 
information 
on 
products in the sampling and initial production phases 
of development. It is valid for the devices indicated in 
the revision history. The specifications are subject to 
change without notice. 


• WARNING: Stressing the device beyond the "Absolute 
Maximum 
Ratings" 
may 
cause permanent 
damage. 


These are stress ratings only. Operation beyond 
the 


"Operating 
Conditions" 
is not recommended 
and ex- 
tended exposure beyond 
the 
"Operating 
Conditions" 


may affect device reliability. 


Symbol 
Description 
Min 
Max 
Units 


TA 
Ambient Temperature 
under Bias Commercial 
Temp. 
0 
+70 
'C 


TA 
Ambient Temperature 
under Bias Extended 
Temp. 
-40 
+85 
'C 


Vcc 
Digital Supply Voltage 
4.50 
5.50 
V 


VREF 
Analog Supply Voltage 
4.50 
5.50 
V 


Fosc 
Oscillator 
Frequency 
4 
16 
MHz(4) 


NOTE: 
ANGND and Vss should be nominally at the same potential. 


Symbol 
Parameter 
Min 
Typ(6) 
Max 
Units 
Test Conditions 


VIL 
Input Low Voltage 
-0.5V 
0.3 Vcc 
V 
(All Pins) 


VIH 
Input High Voltage 
0.7Vcc 
Vcc 
+ 0.5 
V 


VOL 
Output Low Voltage 
0.3 
V 
'OL = 200 p-A(3, 5) 


(Outputs Configured 
0.45 
'V 
'OL = 3.2 mA 
as Push/Pull) 
1.5 
V 
tOL = 7.0 mA 


VOH 
Output High Voltage 
Vcc 
- 
0.3 
V 
'OH = - 200 p-A(3, 5, 8) 
(Outputs Configured 
Vcc 
- 
0.7 
V 
'OH = -3.2 
mA 
as Push/Pull) 
Vcc 
- 
1.5 
V 
'OH = -7.0mA 


VOH2 
Output High Voltage 
Vcc 
- 
1V 
V 
IOH = -15p-A(1,7) 
in RESET 


III 
Input Leakage Current 
±10 
p-A 
Vss < V,N < Vcc 
- 
0.3V(2) 
(Std. Inputs) 


IUl 
Input Leakage Current 
±1 
±3 
p-A 
Vss < V,N < VREF 
(Port G-AID 
Inputs) 


I'H 
Input High Current 
+ 175 
p-A 
VSS < VIN < Vcc 
- 
0.3V(10) 
(NMI) 


Symbol 
Parameter 
Mln 
Typ(6) 
Max 
Units 
Test Conditions 


Ice 
Vee 
Supply 
Current 
60 
75 
mA 
XTAL 
1 = 16 MHz, 


Vee = Vpp = VREF = 5.5V 


(While 
Device 
in Reset) 


IREF 
AID 
Reference 
Supply 
2 
.5 
mA 
Current 


IIDLE 
Idle 
Mode 
Current 
15 
30 
mA 
XTAL 
1 = 16 MHz, 


Vee = Vpp = VREF = 5.5V 


IpD 
Powerdown 
Mode 
50 
TBD 
/-LA 
Vee = Vpp = VREF = 5.5V 


Current(6) 


RRST 
Reset 
Pullup 
Resistor 
6K 
65K 
n. 


Cs 
Pin Capacitance 
10 
pF 
FTEST = 1.0 MHz 


(Any 
Pin to VSS) 


Rwpu 
Weak 
Pullup 
Resistance 
(Approx) 
150K 
n. 
(6) 


NOTES: 
1. All BD (Bidirectional) 
pins except 
INST and eLKOUT. 
BD pins include 
Portl, 
Port2, 
Port3, 
Port4, 
Port5 
(as a port), 
and 
Port6. 
2. Standard 
Input pins include 
XTAL 1, EA, RESET, and Port 1/2/3/4/5/6 
when setup as inputs. 
3. All Bidirectional 
I/O pins when configured 
as Outputs 
(Push/Pull). 


4. Device 
is Static and should 
operate 
below 
1 Hz, but only tested 
down to 4 MHz. 
5. Maximum 
IOL/IOH currents 
per pin will be characterized 
and published 
at a later date. 


6. Typicals 
are based on limited 
number 
of samples 
and are not guaranteed. 
The values 
listed are at room temperature 
and 
VREF = Vcc 
= 5.0V. 
7. Violating 
these 
specifications 
in reset may cause the device 
to enter test modes 
(P5.4 and P2.6). 


8. This specification 
applies 
to P3/4 
only when used as an address 
bus supplying 
the address. 
9. All voltages 
are referenced 
relative 
to Vss. When used, Vss refers to the device 
pin. 


10. Worst case is at upper limit of test conditions. 


80 


70 


60 


50 
Ice 
40 
(mAl 
30 


20 


10 
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NOTES: 
Ice Max = 3.88 
x 
FREQ + 13.43 
lidle Max = 1.65 x 
FREQ + 2.2 


I;dlo 
MAX 


'idle typical 


AC CHARACTERISTICS 
(Over Specified Operating 
Conditions) 
Test Conditions: 
Capacitance 
Load on All Pins = 100 pF, Rise and Fall Times = 10 ns. 


Symbol 
Parameter 
Min 
Max 
Units 


TAVYV 
Address Valid to READY Setup 
2 TOsc-75 
ns(2) 


TLLYV 
ALE Low to READY Setup 
Tosc-70 
ns(2) 


TYLYH 
Non READY Time 
No Upper Limit 
ns 


TCLYX 
READY Hold after CLKOUT Low 
0 
Tosc-30 
ns(I,2) 


TLLYX 
READY Hold after ALE Low 
Tosc-15 
2 Tosc-40 
ns(1,2) 


TAVGV 
Address Valid to Buswidth Setup 
2 Tosc-75 
ns(2) 


TLLGV 
ALE Low to Buswidth Setup 
Tosc-60 
ns(2) 


TCLGX 
Buswidth Hold after CLKOUT Low 
0 
ns(2) 


TAVDV 
Address Valid to Input Data Valid 
3 TOSc-55 
ns 


TRLDV 
RD Active to Input Data Valid 
ToSC-22 
ns 


TCLDV 
CLKOUT Low to Input Data Valid 
Tosc-50 
ns 


TRHDZ 
End of RD to Input Data Float 
TOSC 
ns 


TRXDX 
Data Hold after RD Inactive 
0 
ns 


NOTE: 
1. If max is exceeded, 
additional 
wait states will occur. 


2. Does not apply to JR/JQ. 


AC CHARACTERISTICS 
(Over Specified Operating Conditions) 
Test Conditions: 
Capacitance 
Load on All Pins = 100 pF, Rise and Fall Times = 10 ns. 


The 87C196KR!KQ!JR!JQ 
will meet these specifications. 


Symbol 
Parameter 
Mln 
Max 
Units 


FXTAL 
Oscillator 
Frequency 
4.0 
16.0 
MHz(l) 


Tosc 
Oscillator 
Period (1!Fxtal) 
62.5 
250 
ns 


TXHCH 
XTAL 1 High to CLKOUT High or Low 
20 
110 
ns(2) 


TCLCL 
CLKOUT Period 
2 Tosc 
ns 


TCHCL 
CLKOUT High Period 
Tosc-10 
Tosc+15 
ns 


TCLLH 
CLKOUT Falling Edge to ALE Rising 
-10 
15 
ns 


TLLCH 
ALE! ADV Falling Edge 
-20 
15 
ns 
to CLKOUT Rising 


TLHLH 
ALE! ADV Cycle Time 
4 Tosc 
ns(5) 


TLHLL 
ALE! ADV High Period 
Tosc-10 
ToSc+10 
ns 


TAVLL 
Address Setup to ALE! ADV 
Tosc-15 
ns 
Falling Edge 


TLLAX 
Address Hold after ALE! ADV 
Tosc-40 
ns 
Falling Edge 


TLLRL 
ALE! ADV Falling Edge to 
Tosc-30 
ns 
RD Falling Edge 


TRLCL 
RD Low to CLKOUT Falling Edge 
4 
30 
ns 


TRLRH 
RD Low Period 
Tosc-5 
ns(5) 


TRHLH 
RD Rising Edge to 
TOSC 
TOSC+25 
ns(3) 
ALE! ADV Rising Edge 


TRLAZ 
RD Low to Address Float 
5 
ns 


TLLWL 
ALE! ADV Falling Edge 
Tosc-10 
ns 
to WR Falling Edge 


TCLWL 
CLKOUT Low to 
-5 
25 
ns 
WR Falling Edge 


TQVWH 
Data Stable to WR Rising Edge 
TOSC-23 
ns 


TCHWH 
CLKOUT High to WR Rising Edge 
-10 
15 
ns 


TWLWH 
WR Low Period 
Tosc-30 
ns(5) 


TWHQX 
Data Hold after WR Rising Edge 
TOSC-25 
ns 


TWHLH 
WR Rising Edge to ALE! ADV 
TOSC-10 
TOSC+15 
ns(3) 
Rising Edge 


TWHBX 
SHE, INST Hold after WR Rising Edge 
Tosc-10 
ns(6) 


TWHAX 
AD8-15 
Hold after WR Rising Edge 
Tosc-30(4) 
ns 


TRHBX 
SHE, INST Hold after RD Rising Edge 
TOSC-10 
ns(6) 


TRHAX 
AD8-15 
Hold after RD Rising Edge 
Tosc-30(4) 
ns 


TBVLL 
SHE Valid to ALE Falling Edge 
Tosc 
-15 
ns(6)- 


NOTES: 
1. Testing 
performed 
at 4.0 MHz, however, 
the device is static by design and will typically 
operate 
below 
1 Hz. 


2. Typical specifications, 
not guaranteed. 
. 


3. Assuming 
back-to-back 
bus cycles. 


4. a-bit bus only. 
5. If wait states are used, add 2 TOSC x n, where 
n = number of wait states. 
6. Does not apply to JR/JQ. 


ADDRESS 
OUT 


TWHBX 
or TRHBX 


• 


Symbol 
Description 
Min 
Max 
Units 
Notes 


THVCH 
HOLD Setup 
65 
ns 
(1,2) 


TCLHAL 
CLKOUT Low to HLDA Low 
-15 
15 
ns 
(2) 


TCLBRL 
CLKOUT Low to BREQ Low 
-15 
15 
ns 
(2) 


TAZHAL 
HLDA Low to Address Float 
25 
ns 
(2) 


TBZHAL 
HLDA Low to BHE, INST, RD, WR Weakly Driven 
25 
ns 
(2) 


TCLHAH 
CLKOUT Low to HLDA High 
-15 
15 
ns 
(2) 


TCLBRH 
CLKOUT Low to BREQ High 
-15 
15 
ns 
(2) 


THAHAX 
HLDA High to Address 
No Longer Float 
-15 
ns 
(2) 


THAHBV 
HLDA High to BHE, INST, RD, WR Valid 
-10 
ns 
(2) 


TCLLH 
CLKOUT Low to A!-E High 
-10 
15 
ns 


NOTE: 
1. To guarantee 
recognition 
at nex1 clock. 
2. Does not apply to JR/JQ. 


Max 


Internal Access 
1.5 States 


16-Bit External Execution 
2.5 States 


a-Bit External Execution 
4.5 St~tes 


Parameter 
Mln 
Max 
Units 


Weak Pullups on ADV, RD, WR, WRL, BHE 
50K 
250K 
VCC = 5.5V, VIN = 0.45V 


Weak Pulldowns 
on ALE, INST 
10K 
50K 
Vcc = 5.5V, VIN = 2.4V 


BUS -< 
_ 


ALE 
r-\. 
..J 
~j 


TCLLHn_ 


Symbol 
Parameter 
Min 
Max 
Units 


1/TxLXL 
Oscillator 
Frequency 
4.0 
16 
MHz 


TXLXL 
Oscillator 
Period (Toscl 
62.5 
250 
ns 


TXHXX 
High Time 
0.35 Tosc 
0.65 Tosc 
ns 


TXLXX 
Low Time 
0.35 Tosc 
0.65 Tosc 
ns 


TXLXH 
Rise Time 
10 
ns 


TXHXL 
Fall Time 
10 
ns 


NOTE: 
Keep oscillator components close to chip and use 
short, direct traces to XTAl1, XTAL2 and Vss. When 
using quartz crystals, typically Cl :::::22 pF and C2 ::::: 
22 pF. When using ceramic resonators, consult manu- 
facturer for recommended circuitry. 


• 


8XC196KR/8XC196KQ/8XC196JR/8XC196JQ 
-.n+-I 
'eI® 


INPUTS 
OUTPUTS 


0 
3 
.::=><=JEST 
PO+<::::>C 


270912-9 


VLOAO+O., 
5 V 
VOH-O.' 
5 V 


VLOAO 
>T1t.4INGp~:;:-gENCE< 


VLOAO-0.15V 
VOL+0.15V 


270912-10 


NOTE: 
AC Testing 
Inputs are driven at 3.5V for a logic "1" 
and 
0.45V for a logic 
"0". 
Timing 
measurements 
are made 
at 2.0V for a logic "1" 
and O.BV for logic "0". 


NOTE: 
For Timing 
Purposes 
a Port 
Pin is no longer 
floating 
when a 150 mV change 
from Load Voltage 
Occurs 
and 
Begins to Float when a 150 mV change 
from the Load- 
ing VOHIVOL Level occurs 
IOL/IOH 
,;; 15 mA. 


Each symbol is two pairs of letters prefixed by "T" for time. The characters 
in a pair indicate 
a signal and its 
condition, 
respectively. 
Symbols 
represent 
the time between 
the two signal/condition 
points. 


Conditions: 


H- 
High 


L- 
Low 


V-Valid 
x- No Longer Valid 
Z- Floating 


Signals: 


A- 
Address 


S-SHE 


SR-SREQ 


C-CLKOUT 


D-DATA 


G- 
Suswidth 


H- 
HOLD 


HA-HLDA 


L- 
ALE/ADV 
Q- Data Out 


R-RD 


W- 
WR/WRH/WRI 
x- XTAL1 


Y-READY 


SERIAL 
PORT TIMING-SHIFT 
REGISTER 
MODE (Over Specified Operating 
Conditions) 
Test Conditions: 
Load Capacitance 
= 100 pF 


Symbol 
Parameter 
Mln 
Max 
Units 


TXLXL 
Serial Port Clock Period 
8 Tosc 
ns 


TXLXH 
Serial Port Clock Falling Edge to Rising Edge 
4 TOSC-50 
4 Tosc+50 
ns 


TQVXH 
Output Data Setup to Clock Rising Edge 
3 Tosc 
ns 


TXHQX 
Output Data Hold after Clock Rising Edge 
2 Tosc-50 
ns 


TXHOV 
Next Output Data Valid after Clock Rising Edge 
2 Tosc+50 
ns 


TOVXH 
Input Data Setup to Clock Rising Edge 
2 TOSC+200 
ns 


TXHOX 
Input Data Hold after Clock Rising Edge 
0 
ns 


TXHOZ 
Last Clock Rising to Output Float 
5 Tosc 
ns 


TXD •••• l..J 


TQVXH-j I- 


RXD 
(OUT) 
0 


The speed of the AID 
converter 
in the 1O-bit or 8-bit 
modes 
can 
be adjusted 
by setting 
the AD_TIME 
special 
function 
register 
to the 
appropriate 
value. 
The AD_TIME 
register only programs 
the speed at 
which the conversions 
are performed, 
not the speed 
it can convert 
correctly. 


The converter 
is ratiometric, 
so absolute 
accuracy 
is 
dependent 
on the accuracy 
and stability 
of VREF. 


After a conversion 
is started, the device is placed in 
the 
IDLE 
mode 
until 
the 
conversion 
is complete. 
Testing 
is performed 
at VREF = 5.12V. 


There 
is an AD_TEST 
register 
that allows for con- 
version 
on ANGND 
and VREF as well as zero offset 
adjustment. 
The Absolute 
Error listed is WITHOUT 
doing any adjustments. 


II 


Symbol 
Description 
Mln 
Max 
Units 


TA 
Ambient Temperature 
Commercial 
Temp. 
0 
+70 
·C 


TA 
Ambient Temperature 
Extended 
Temp. 
-40 
+85 
·C 


VCC 
Digital Supply Voltage 
4.50 
5.50 
V 


VREF 
Analog Supply Voltage 
4.50 
5.50(2) 
V 


TSAM 
Sample Time 
2.0 
J.l-S(3) 


TCONV 
Conversion 
Time 
16.5 
19.5 
J.l-s(3) 


Fosc 
Oscillator 
Frequency 
4 
16 
MHz 


NOTES: 
1. ANGND and Vss should nominally be at the same potential. 
2. VREFmust not exceed Vcc by more than +0.5V. 
3. The value of AD_TIME is selected to meet these specifications. 


Parameter 
Typical 
(1) 
Mln 
Max 
Units" 


Resolution 
1024 
1024 
Level 
10 
10 
Bits 


Absolute 
Error 
0 
±3 
LSBs 


Full Scale Error 
0.25 ±0.5 
LSBs 


Zero Offset Error 
0.25 ±0.5 
LSBs 


Non-Linearity 
1.0 ±2.0 
'±3 
LSBs 


Differential 
Non-Linearity 
> -0.5 
+0.5 
LSBs 


Channel-to-Channel 
Matching 
±0.1 
0 
±1 
LSBs 


Repeatability 
±0.25 
0 
LSBs 


Temperature 
Coefficients: 


Offset 
0.009 
LSB/C 
Fullscale 
0.009 
LSB/C 
Differential 
Non-Linearity 
0.009 
LSB/C 


Off Isolation 
-60 
dB(2,3) 


Feedthrough 
-60 
dB(2) 


Vcc Power Supply Rejection 
-60 
dB(2) 


Input Series Resistance 
750 
1.2K 
0(4) 


Voltage on Analog Input Pin 
ANGND 
- 
0.5 
VREF + 0.5 
V 


Sampling 
Capacitor 
2 
pF 


DC Input Leakage 
0 
±3 
J.l-A 


NOTES: 
"An "LSB", as used here, has a value of approximately 5 mY. (See Embedded Microcontrollers and Processors Handbook 
for AID glossary of terms). 
1. These values are expected for most parts at 25·C but are not tested or guaranteed. 
2. DC to 100 KHz. 
3. Multiplexer Break-Before-Make Guaranteed. 
4. Resistance from device pin, through internal multiplexer, to sample capacitor. 


Symbol 
Description 
Mln 
Max 
Units 


TA 
Ambient Temperature 
Commercial 
Temp. 
0 
+70 
·C 


TA 
Ambient Temperature 
Extended 
Temp. 
-40 
+85 
·C 


Vcc 
Digital Supply Voltage 
4.50 
5.50 
V 


VREF 
Analog Supply Voltage 
4.50 
5.50(2) 
V 


TSAM 
Sample Time 
2.0 
fLS(3) 


TCONV 
Conversion 
Time 
16.5 
19.5 
fLS(3) 


Fosc 
Oscillator 
Frequency 
4 
16 
MHz 


NOTES: 
1. ANGND and Vss should nominally be at the same potential. 
2. VREFmust not exceed Vcc by more than +0.5V. 
3. The value of AD_TIME is selected to meet these specifications. 


The 8-bit mode trades off resolution 
for a faster conversion 
time. The AD_TIME 
register must be used when 
performing 
an 8-bit conversion. 


Parameter 
Typ(l) 
Minimum 
Maximum 
Units' 
Notes 


Resolution 
256 
256 
Levels 
8 
8 
Bits 


Absolute 
Error 
0 
±2 
LSBs 


Full Scale Error 
±0.5 
LSBs 


Zero Offset Error 
±0.5 
LSBs 


Non-Linearity 
0 
±2 
LSBs 


Differential 
Non-Linearity 
Error 
> -1 
+1 
LSBs 


Channel-to-Channel 
Matching 
±1 
LSBs 


Repeatability 
±0.25 
LSBs 


Temperature 
Coefficients: 
Offset 
0.003 
LSBrC 
Full Scale 
0.003 
LSBrC 
Differential 
Non-Linearity 
0.003 
LSBrC 


Off Isolation 
-60 
dB(2,3) 


Feedthrough 
-60 
dB(2) 


Vcc Power Supply Rejection 
-60 
dB(2) 


Input Series Resistance 
750 
1.2K 
n 


Voltage on Analog Input Pin 
ANGND 
- 
0.5 
VREF + 0.5 
V 


Sampling Capacitor 
2 
pF 


DC Input Leakage 
0 
±3 
fLA 


NOTES: 
'An "LSB", as used here, has a value of approximately 20 mY. 
1. Typical values are expected for most devices at 25·C. 
2. DC to 100 KHz. 
3. Multiplexer Break-Before-Make Guaranteed. 
4. Resistance from device pin, through internal multiplexer, to sample capacitor. 
• 


OTPROM 
PROGRAMMING 


OPERATING 
CONDITIONS 
DURING 
PROGRAMMING(3) 


Symbol 
Description 
Min 
Max 
Units 


TA 
Ambient Temperature 
during Programming 
20 
30 
·C 


Vcc 
Supply Voltage during Programming 
4.5 
5.5 
V(I) 


VREF 
Reference 
Supply Voltage during Programming 
4.5 
5.5 
W) 


Vpp 
Programming 
Voltage 
12.25 
12.75 
V(2) 


VEA 
EA Pin Voltage 
12.25 
12.75 
V(2) 


Fosc 
Oscillator 
Frequency 
during Auto and 
6.0 
8.0 
MHz 
Slave Mode Programming 


Fosc 
Oscillator 
Frequency 
during 
6.0 
12.0 
MHz 
Run-Time 
Programming 


NOTES: 
1. Vcc and VREFshould nominally be at the same voltage during programming. 
2. Vpp and VEAmust never exceed the maximum specification, or the device may be damaged. 
3. Vss and ANGNO should nominally be at the same potential (OV). 


Symbol 
Description 
Mln 
Max 
Units 


TAVLL 
Address Setup Time 
0 
Tosc 


TLLAX 
Address Hold Time 
100 
Tosc 


TOVPL 
Data Setup Time 
0 
Tosc 


TpLDX 
Data Hold Time 
400 
Tosc 


TLLLH 
PALE Pulse Width 
50 
Tosc 


TpLPH 
PROG Pulse Width(1) 
50 
Tosc 


TLHPL 
PALE High to PROG Low 
220 
Tosc 


TpHLL 
PROG High to Next PALE Low 
220 
TOSC 


TpHDX 
Word Dump Hold Time 
50 
ToSC 


TpHPL 
PROG High to Next PROG Low 
220 
TosC 


TLHPL 
PALE High to PROG Low 
220 
Tosc 


TpLDV 
PROG Low to Word Dump Valid 
50 
TOSC 


TSHLL 
RESET High to First PALE Low 
1100 
TOSC 


TpHIL 
PROG High to AINC Low 
0 
TOSC 


TILIH 
AINC Pulse Width 
240 
Tosc 


TILVH 
PVER Hold after AINC Low 
50 
TOSC 


TILPL 
AINC Low to PROG Low 
170 
Tosc 


TpHVL 
PROG High to PVER Valid 
220 
Tosc 


NOTE: 
1. This specification is for the word dump mode. For programming pulses use 100 ,,"s. 


Symbol 


Ipp 


Units 


mA 


Parameter 


Vpp Programming 
Supply Current 


NOTE: 
Do not apply Vpp until Vcc 
is stable 
and within 
specifications 
and the oscillator/clock 
has stabilized 
or the device 
may be 
damaged. 


RESET 


TOVPL I-- 


PORTS 
DATA 
ADDRESS/CO 
••••••AND 
3/4 


PALE 


P2.1 


PROG 


P2.2 


PVER 


P2.0 


TLLVH 
270912-11 


• 


SLAVE 
PROGRAMMING 
MODE TIMING 
IN DATA 
PROGRAM 
MODE 
WITH 
REPEATED 
PROG PULSE AND AUTO 
INCREMENT 


PO~~~ 
< ADDRESS/CO..-WAND 
>----< 
DATA 
>,.. 
-« 
DATA. >-- 


87C196KR/87C196JR 
ERRATA 


1. 
IOH2 


Current 
devices 
do not meet the test condition 
for VOH2 of 
- 15 /LA. Instead 
the 
devices 
are 
guaranteed 
to source a minimum 
of - 6 /LA. 


87C196KR/87C196JR 
DESIGN 
CONSIDERATIONS 


1. EPA TImers 


Special care must be taken when resetting/writ- 
ing the EPA timers. 
This is more of a software 
technique 
than 
a device 
errata. 
For example: 


The EPA timers do not generate 
a "time 
valid" 
signal when the counter 
is either 
reset or writ- 
ten. This means that if a compare 
event is pro- 
grammed 
in the 
EPAlCompare 
channel 
for a 
value 
of "OOOOH" (when 
reset) 
or equal 
to a 
written value, the compared 
event will NOT hap- 
pen. However, 
if the timers are allowed to incre- 
ment/decrement 
to 
that 
value, 
that 
compare 
event WILL occur. 


2. Port 6.4, 6.5, 6.6, 6.7 


The user is not allowed 
to modify the P6_REG 
register when these pins are configured 
as Spe- 
cial Function 
P6_MODE.x 
= 
1). During 
soft- 
ware manipulation 
of these registers, it is a good 
practice 
to first change the P6_MODE 
register, 
then modify the P6_REG 
register when switch- 
ing from SF to LSIO. 


3. P2.7 (CLKOUn 


Port 2.7 
(CLKOUT) 
does 
not operate 
in open 


drain mode. 


4. Current versions 
of the 8XC196KQ/JQ 
are fabri- 
cated with 16K of internal 
OTPROM, 
512 bytes 
of register 
RAM, and 256 bytes of internal 
RAM. 
The memory map of the 8XC196KQ/ 
JQ is identi- 


cal to the 
8XC196KR/JR. 
However, 
the 
extra 
memory locations 
are not tested 
and should not 
be used. Intel may disable this extra memory 
on 
future versions 
of the 8XC196KQ/ 
JQ. Any soft- 


ware that relies on reading or writing these loca- 
tions may not function 
correctly 
on future devic- 
es. 


Two steps the user should always incorporate 
to 
insure future compatibility 
are: 


A) The program 
must contain 
a jump to a loca- 


tion greater than 16K before the 12K bounda- 
ry is reached. 
This is necessary 
only if greater 
than 12K of program 
memory 
is required 
and 
portions 
of the program 
executes 
from inter- 
naIOTPROM. 


B) Use program 
memory from 12K to 16K only if 
EA is tied to ground. 
Never use data memory 
from 180H to 1FFH or from 480H to 4FFH. 


52·LEAD 
DEVICES 


Intel offers 
a 52-lead 
version 
of the 87C196KR 
de- 
vice: the 87C196JR 
and 87C196JQ 
devices. 


It is important 
to point out some functionality 
differ- 
ences 
because 
of future 
devices 
or to remain 
soft- 
ware consistent 
with the 68-lead device. Because 
of 
the 
absence 
of pins on the 
52-lead 
device 
some 
functions 
are not supported. 


52-Lead 
Unsupported 
Functions: 
Analog Channels 
0 and 1 
INST Pin Functionality 
SLPINT 
Pin Support 
HLD/HLDA 
Functionality 
External 
Clocking/Direction 
of Timer1 
WRH or BHE Functions 
Dynamic 
Buswidth 
Dynamic 
Wait State Control 


The 
following 
is a list of recommended 
practices 
when using the 52-lead 
device: 


(1) External 
Memory. 
Use an 8-bit bus mode only. 
There is neither a WRH or BUSWIDTH 
pin. The 
bus cannot 
dynamically 
switch from 8- to 16-bit 
or vice versa. set the cce bytes to an 8-bit only 
mode, using WR function 
only. 


(2) Walt State 
Control. 
Use the cce bytes to con- 
figure the maximum 
number of wait states. If the 
READY 
pin is selected 
to be a system function, 
the device 
will lockup waiting for READY. 
If the 
READY 
pin is configured 
as LSIO (default 
after 
RESET>, the 
internal 
logic 
will receive 
a logic 
"0" 
level and insert the CCB defined 
number of 
wait states in the bus cycle. DON'T USE IRC = 
"111 ". 


(3) NMI Support. 
The NMI is not bonded 
out. Make 
the 
NMI vector 
at location 
203Eh 
vector 
to a 
Return 
instruction. 
This is for glitch 
safety 
pro- 
tection 
only. 


(4) Auto·Programmlng 
Mode. 
The 52-lead 
device 
will ONLY support 
the 16-bit zero wait state bus 
during auto-programming. 


(5) EPA4 through 
EPA7. Since the JR and JQ de- 
vices use the KR silicon, 
these functions 
are in 
the device, 
just not bonded 
out. A programmer 
can use these as compare 
only channels 
or for 
other 
functions 
like 
software 
timer, 
start 
and 
AID, 
or reset timers. 


(6) Slave 
Port Support. 
The Slave port can still be 
used on the 52-lead 
devices. 
The only function 
removed 
is the SLPINT output function. 


(7) Port 
Functions. 
Some port pins have been re- 
moved. 
P5.7, P5.6, P5.5, P5.1, P6.2, P6.3, P1.4 
through 
P1.7, 
P2.3, P2.5, 
PO.O and 
PO.1. The 
Px.-REG, 
Px.-MODE, 
and 
Px.-DIR 
registers 
can still be updated 
and read. The programmer 
should not use the corresponding 
bits associat- 
ed with the removed 
port 
pins to conditionally 
branch 
in software. 
Treat 
these 
bits 
as 
RE- 
SERVED. 


Additionally, 
these port pins should be setup in- 
ternally 
by software 
as follows: 


1. Written 
to Px.-REG 
as "1" 
or "0". 


2. Configured 
as Push/Pull, 
Px.-DIR 
as "0". 


3. Configured 
as LSIO. 


This configuration 
will effectively 
strap the pin 
either 
high 
or 
low. 
DO 
NOT 
Configure 
as 
Open 
Drain output 
"1'; or as an Input pin. 


This device is CMOS. 


This data sheet 
(270912-003) 
supercedes 
270912- 
002 and is valid for devices with a "C" at the end of 
the 
topside 
tracking 
number. 
Data 
sheets 
are 
changed 
as new device information 
becomes 
avail- 
able. Verify that you have the latest version 
before 
finalizing 
a design or ordering 
devices. 


1. Removed 
the following 
errata: 


Slave Programming 
Mode 


EP~MASK1 
IEP~PEND1 


BMOVI 


PTS and Other Interrupts 


Serial Port Framing Error 


Remap Mode on EPA3 


AID Abort 


PTS/NMI 
Conflict 


Data Output Register 
Cleared 


Divide Error during HOLD/READY 


SIO Mode 0 


EPAIPV Multiplied 
by Two 


(These were fixed on the C-step) 


2. Moved the following 
from Errata to Design Con- 
siderations: 


EPA Timers 


Port 6.4. 6.5, 6.6, 6.7 (and reworded) 


P2.7 (CLKOUT) 


Oscillator 
Noise Sensitivity 


3. Added New Errata: 


IOH2 (also existed on A-step) 


4. Added SLPCS to Package Diagrams and Pin De- 
scriptions 


5. Added TBVLL 


6. Added IIH for NMI 


7. Added 
notes 
to AC Characteristics 
identifying 
specifications 
that do not apply to JR/JQ 


B. Changed 
TCLLH from 
- 5 ns to 
- 10 ns under 
HOLD/HLDA 
Timings 


9. Changed 
THVCHfrom 55 ns to 65 ns 


10. Changed 
TAZHAL from 10 ns to 25 ns 


11. Changed 
TBZHAL from 10 ns to 25 ns 


12. Changed 
Icc (max) from 70 mA to 75 mA 


13. Changed 
Icc formula from (3.BB x Freq + B.43) 
to (3.BBX 
Freq + 13.43) 


14. Changed 
VOH2 test 
point 
from 
-50 
/LA to 
-15/LA 


15. Changed 
Note 1 in DC parameters 


._. . 


17. Removed 
NMI from standard 
inputs (Note 2 un- 


der DC Characteristics) 


1B. Removed 
VOL1 spec 


19. Removed 
TCLBV 


20. Added JQ/KQ 
design consideration 


Data 
sheet 
270912-002 
supercedes 
270912-001 
and is valid for devices with an "A" 
at the end of the 
topside tracking 
number. 


1. Removed: 


CPU features 
descriptions 


Peripheral features 
descriptions 


SFR Operation 
(placed 
in Quick Reference) 


SFR Maps (placed in Quick Reference) 


SFR Bit Maps (placed in Quick Reference) 


IlL in DC Characteristics 


TCLHAL Max and TCLBRH Max 


Incorrect 
Sample 
and 
Convert 
time 
table 
from 
B-bit AID 


2. Added: 


Express options 


Bullets on front page 


Memory 
Map 


Process Information 


Prefix Identification 


Thermal 
Characteristics 


Programming 
functions 
to 
pin-out 
and 
pin 
de- 


scriptions 


Ambient 
Temperature 
under 
Bias 
to 
Absolute 


Maximum 
Ratings 


Note 
relating 
to Power 
Dissipation 
in Absolute 
Maximum 
Rating 


Notes Band 
9 to DC Characteristics 


TCLBV to AC Characteristics 


Title to Buswidth 
timing diagram 


TYLYH to Buswidth 
timing diagram 


Hold latency spec 


Extemal 
Crystal Connection 
diagram 


Extemal 
Clock Connection 
diagram 


10-bit AID Operating 
Conditions 
Table 


Title to 10-bit and B-bit mode AID Characteristics 


Voltage 
on Analog Input Pin specification 


Sampling 
Capacitor 
typical value 


Note 4 to 10-bit and B-bit AID Specifications 


B·bit AID Operating 
Conditions 
Table 


Off 
Isolation, 
Feedthrough, 
Vcc 
Power 
Supply 
Rejection, 
Input 
Series 
Resistance, 
Voltage 
on 
Analog 
Input Pin, Sampling 
Capacitor 
and DC In- 
put Leakage 
to 8-bit A/D 
specifications 


Notes 1, 2 and 3 to EPROM Programming 
Condi- 
tions 


New Errata (Items 10 to 16) 


3. Changed: 


Title of data sheet from "8XC196KR/KQ/JR/JQ 
16-BIT HIGH PERFORMANCE 
CHMOS 
MICRO- 
CONTROLLER" 
to 
"8XC196KR/KQ/JR/JQ 
COMMERCIAL/EXPRESS 
CHMOS 
MICROCON- 
TROLLER" 


Several 
bullets on cover sheet 


Register 
RAM numbers 
in table on front page to, 


match device 


Operating 
conditions 
to tabular format 


Note 
1 in DC Characteristics 
to include 
Ports 3 
and 4 
o to Vss for Iu and IU1 in DC Characteristics 


Format of symbols 
in AC Characteristics 


TCLCH to TCLLH in System 
Bus Timing diagram 


TXLXL Max from 286 ns to 250 ns 


TXHXX from TOSC - 
44 ns to 35%/65% 


TXLXX from Tosc 
- 
44 ns to 35%/65% 


TXLXH from Tosc 
- 
50 ns to 10 ns 


TXHXL from Tosc 
- 
50 ns to 10 ns 


AC Testing 
Input, Output Waveform 


Introductory 
text on A to 0 Characteristics 
and 
Converter 
Specification 


DC Input Leakage from ± 1 /LA to ± 3 /LA in AID 
Specifications. 


Power Dissipation 
from 0.5W to 1.0W. 


Wording 
in 
Float 
Waveform 
from 
100 
mV 
to 
150 mY. 


EPROM 
Programming 
Characteristics 
to Operat- 
ing Conditions 
table. 


Data sheet (270912-001) 
is valid for devices with an 
"A" 
at the end of the topside 
tracking 
number. 
This 
is the first version 
of the data sheet. 


• 


Application Note 


• 


8XC196NT 
CHMOS MICROCONTROLLER 
WITH 
1 MBYTE LINEAR ADDRESS SPACE 


• 16 MHz and 20 MHz Available 
• Oscillator 
Fail Detection 
Circuitry 
• High Performance 
CHMOS 
16-Bit CPU 
• High Speed 
Peripheral 
Transaction 
• Up to 32 Kbytes 
of On-Chip 
EPROM 
Server 
(PTS) 
• Up to 1 Kbyte of On-Chip 
Register 
RAM 
• Two Dedicated 
16-Bit High-Speed 
Compare 
Registers 
• Up to 512 Bytes of Internal 
RAM 
10 High Speed Capture/Compare 
(EPA) II 
• 
• Register-Register 
Architecture 
Full Duplex Synchronous 
Serial I/O 
• 
• 4 Channel/10-Blt 
A/D 
with Sample/Hold 
Port (SSIO) 
• 37 Prioritized 
Interrupt 
Sources 
• Two Flexible 
16-Bit Timer/Counters 
• Up to Seven 
8-Bit (56) I/O Ports 
• Quadrature 
Counting 
Inputs 
• Full Duplex Serial I/O Port 
• Flexible 
8-/16-Bit 
External 
Bus 
• Dedicated 
Baud Rate Generator 
(Programmable) 
• Interprocessor 
Communication 
Slave 
• Programmable 
Bus (HOLD/HLDA) 


Port 
• 1.4 ,."S 16 x 16 Multiply 
• Selectable 
Bus Timing 
Modes for 
• 2.4 ,."S 32/16 
Divide 
Flexible 
External 
Memory 
Interfacing 
• 68-Pin Package 


Device 
Pins/Package 
EPROM 
Reg 
Code 
Address 
I/O 
EPA 
AID 
RAM 
RAM 
Space 


8XC196NT16/8XC196NT20 
68P PLCC 
32K 
1K 
512 
1 Mbyte 
56 
10 
4 


The 8XC196NT 
16-bit microcontroller 
is a high performance 
member 
of the MCS 96 microcontroller 
family. 


The 
8XC196NT 
is an enhanced 
8XC196KR 
device 
with 
1 Mbyte 
of linear 
address 
space, 
1000 
bytes 
of 
register 
RAM, 
512 
bytes 
of internal 
RAM, 
16 MHz and 
20 MHz operation 
and an optional 
32 Kbytes 
of 
EPROM. 
Intel's CHMOS 
III-E process 
provides 
a high performance 
processor 
along with low power consump- 
tion. 


Ten high-speed 
capture/compare 
modules 
are provided. 
As capture 
modules 
event times with 200 ns resolu- 
tion can be recorded 
and generate 
interrupts. 
As compare 
modules 
events 
such 
as toggling 
of a port pin, 
starting 
an A/D 
conversion, 
pulse width 
modulation, 
and software 
timers 
can be generated. 
Events 
can be 
based on the timer or up/down 
counter. 


PORT 
5 
CONTROL 
SIGNALS 


Figure 
1. 8XC196NT 
Block 
Diagram 


All thermal 
impedance 
data is approximate 
for static 
air conditions 
at 1W of power dissipation. 
Values will 
change 
depending 
on operation 
conditions 
and ap- 
plication. 
See the Intel Packaging 
Handbook 
(order 
number 
240800) 
for a description 
of Intel's 
thermal 
impedance 
test methodology. 


This device 
is manufactured 
on P629.5, 
a CHMOS 
III-E process. 
Additional 
process 
and reliability 
infor- 
mation 
is available 
in Intel's 
Components 
Quality 
and Reliability 
Handbook, 
Order 
Number 
210997. 


Table 
1. Thermal 
Characteristics 


Package 
8JA 
8JC 
Type 


PLCC 
36.5°C/W 
13°C/W 


1 ~cy ~ 
O•• ;,e 
Speed, 
L 
No '-'4ork= 
16MHz 


NT Product 
family 


CHIr.40S Technology 


Program 
Memory Options: 
0= 
ROM LESS 


7 = EPROtr.4 
(Note 
1) 


'-----------Pockoge 
TypeOptions: 


N = 68-lead 
PlCC 


'------------- 
Temperature 
and Burn-in 
Options: 


No Mark = OOC - 700e 
Ambient 
with 
Intel Standard Burn-in 


EXAMPLE: 
N87C196NT 
is 68-Lead 
PLCC OTPROM, 
16 MHz. 


For complete 
package 
dimensional 
data. refer to the Intel Packaging 
Handbook 
(Order 
Number 
240800). 


NOTE: 
1. EPROMs 
are available 
as One Time 
Programmable 
(OTPROM) 
only. 


Address 
Description 
(Note 7) 


FFFFFFH 
External 
Memory 
FFAOOOH 


FF9FFFH 
Internal 
EPROM or External 
Memory 
(Determined 
by EA Pin) 
FF2080H 
RESET at FF2080H 


FF207FH 
Reserved 
Memory 
(Internal 
EPROM or External 
Memory) 
FF2000H 
(Determined 
by EA Pin) 


FF1FFFH 
External 
Memory 
FF0600H 


FF05FFH 
Internal 
RAM (Identically 
Mapped 
into 00400H-005FFH) 
FF0400H 


FF03FFH 
External 
Memory 
FF0100H 


FFOOFFH 
Reserved 
for ICE 
FFOOOOH 


FEFFFFH 
External 
Memory for future devices 
100000H 


FFFFFH 
984 Kbytes External 
Memory 
OOAOOOH 


009FFFH 
Internal EPROM or External 
Memory 
(Note 1) 
002080H 


00207FH 
Reserved 
Memory 
(Internal 
EPROM or External 
Memory) 
002000H 
(Notes 
1, 3, and 6) 


001FFFH 
Memory Mapped 
Special 
Function 
Registers 
(SFR's) 
001FEOH 


001FDFH 
Internal Special 
Function 
Registers 
(SFR's) (Note 5) 
001 FOOH 


001EFFH 
External 
Memory 
000600H 
- 


0005FFH 
Internal RAM 
000400H 
(Address 
with Indirect or Indexed Modes) 


0003FFH 
) 


Upper Register 
File (Address with Indirect or 
Register 
RAM 


000100H 
Indexed Modes or through Windows.) 
(Note 2) 


OOOOFFH 
Register 
RAM 


1 


Lower Register 
File 
000018H 
(Address with Direct, 


000017H 
Indirect, or Indexed 


OOOOOOH 
CPU SFR's 
Modes.) 
(Notes 2, 4) 


NOTES: 
1. These 
areas 
are mapped 
internal 
EPROM 
if the REMAP 
bit (CCB2.2) 
is set and EA = 5V. Otherwise 
they 
are external 
memory. 
2. Code executed 
in locations 
OOOOOHto 003FFH 
will be forced 
external. 


3. Reserved 
memory 
locations 
must contain 
OFFH unless 
noted. 
4. Reserved 
SFR bit locations 
must be written 
with O. 
5. Refer to 8XC196NT 
User's 
Guide and Quick 
Reference 
for SFR descriptions. 
6. WARNING: 
The 
contents 
or functions 
of reserved 
memory 
locations 
may change 
with 
future 
revisions 
of the 
device. 


Therefore, 
a program 
that relies on one or more of these 
locations 
may not function 
properly. 
7. The 
8XC196NT 
internally 
uses 
24 
bit address, 
but 
only 
20 address 
lines 
are 
bonded 
out 
allowing 
1 Mby1e external 
address 
space. 


III 


BUSWIDTH/PS.7 


AD19/EP.3 


ADIS/EP.2 


AD17/EP.l 


AD16/EP.O 


ADIS/P4.7 


AD14/P4.6 


AD13/P4.S 


AD12/P4.4 


AD11/P4.3 


AD10/P4.2 


AD9/P4.1 


ADS/P4.0 


AD7/P3.7 


AD6/P3.6 


ADS/P3.S 


AD4/P3.4 


~~ 
~ 
>- 


'" 
•... 
0 
~~~ 
... 
III .. 
0 
0 
is 
..J 
... 
0 
u 
0 
u 
.. z 
'" 
III 
III 
III 
III 
•... 
"" " 
N " " "" " 
N 
'" 
.., 
",,,! 
<D .. 
;;; 


..J 
..J 
,... 
<D 
'" .. .., 


an 
iii 
iii •. 
on 
on 
on 
.. « 
.0 
.0 
.0 
.0 
.0 
.. "'''' 
'" 
•... 
•... 
•. •. •. > 
> 
•. •. •. •. > 
>< 
>< •. •. •. •. •. 


P6.2/T1ClK 


P6.1/EPA9 


P6.0/EPAS 


PLO/EPAO 


PL1/EPA 
1 


PL2/EPA2 


PL3/EPA3 


P1.4/EPA4 


PLS/EPAS 


PL6/EPA6 


PL7/EPA7 


VREF 
ANGND 


PO.7 /PMODE.3/ ACH7 


PO.6/PMODE.2/ 
ACH6 


PO.S/PMODE.l / ACHS 


PO.4/PMODE.O/ ACH4 


intel~ 


Symbol 
Name and Function 


Vcc 
Main supply voltage (+ 5V). 


Vss, VSS1, VSS1 
Digital circuit ground (OV). There are multiple VSS pins, all of which MUST be 
connected. 


VREF 
Reference 
for the AID converter (+ 5V). VREF is also the supply voltage to the analog 
portion of the A/D converter 
and the logic used to read Port O. Must be connected 
for 
AID and Port 0 to function. 


Vpp 
Programming 
voltage 
for the EPROM parts. It should be + 12.5V for programming. 
It 
is also the timing pin for the return from powerdown 
circuit. Connect 
to Vcc if 
powerdown 
not being used. 


ANGND 
Reference 
ground for the A/D 
converter. 
Must be held at nominally 
the same 
potential 
as VSS. 


XTAL1 
Input of the oscillator 
inverter and the internal clock generator. 


XTAL2 
Output of the oscillator 
inverter. 


P2.7/CLKOUT 
Output of the internal clock generator. 
The frequency 
is % the oscillator 
frequency. 
It 
has a 50% duty cycle. Also LSIO pin. 
' 


RESET 
Reset input to and open-drain 
output from the chip. RESET has an internal 
pullup. 


P5.7/BUSWIDTH 
Input for bus width selection. 
If CCR bit 1 is a one and CCR1 bit 2 is a one, this pin 
dyamically 
controls 
the Buswidth 
of the bus cycle in progress. 
If BUSWIDTH 
is low, an 
8-bit cycle occurs, if BUSWIDTH 
is high, a 16-bit cycle occurs. 
If CCR bit 1 is "0" 
and 


.CCR1 bit 2 is "1 ", all bus cycles are 8-bit, if CCR bit 1 is "1" 
and CCR1 bit 2 is "0", 
all 
bus cycles are 16-bit. CCR bit 1 = "0" 
and CCR 1 bit 2 = "0" 
is illegal. Also an LSIO 
pin when not used as BUSWIDTH. 


NMI 
A positive transition 
causes a non maskable 
interrupt vector through 
memory 
location 
203EH. 


P5.1/INST 
Output high during an external 
memory read indicates 
the read is an instruction 
fetch. 


INST is valid throughout 
the bus cycle. INST is active only during external 
memory 
fetches, 
during internal 
EPROM fetches 
INST is held low. Also LSIO when not INST. 


EA 
Input for memory select (External Access). 
EA equal to a high causes memory 
accesses 
to locations 
OFF2000H through 
OFF9FFFH to be directed 
to on-chip 
EPROM/ROM. 
EA ~al 
to a low causes accesses 
to these locations 
to be directed 
to off-chip 
memory. 
EA = + 12.5V causes execution 
to begin in the Programming 
Mode. EA is latched at reset. 


HOLD 
Bus Hold Input requesting 
control 
of the bus. 


HLDA 
Bus Hold acknowledge 
output indicating 
release of the bus. 


BREQ 
Bus Request 
output activated 
when the bus controller 
has a pending external 
memory 
cyere. 


P5.0/ ALE/ ADV 
Address 
Latch Enable or Address 
Valid output, as selected 
by CCR. Both pin options 
provide a latch to demultiplex 
the address from the address/data 
bus. When the pin is 
ADV, it goes inactive 
(high) at the end of the bus cycle. ADV can be used as a chip 
select for external 
memory. ALE/ ADV is active only during external 
memory 
accesses. 
Also LSIO when not used as ALE. 


P5.3/RD 
Read signal output to external 
memory. 
RD is active only during external 
memory 
reads or LSIO when not used as RD. 


II 


Name and Function 
- 
Symbol 


P5.2/WR/WRL 
Write and Write Low output to external 
memory, as selected 
by the CCR, WR will go 
low for every external write, while WRL will go low only for external 
writes where an 
even byte is being written. WR/WRL 
is active during external 
memory writes. Also 
an LSIO pin when not used as WR/WRL. 


P5.5/BHE/WRH 
Byte High Enable or Write High output, as selected 
by the CCR. BHE = 0 selects the 
bank of memory that is connected 
to the high byte of the data bus. AO= 0 selects 
that bank of memory that is connected 
to the low byte. Thus accesses 
to a 16-bit 
wide memory can be to the low byte only (AO= 0, BHE = 1), to the high byte only 
(AO= 1, BHE = 0) or both bytes (AO= 0, BHE = 0). If the WRH function 
is selected, 


the pin will go low if the bus cycle is writing to an odd memory 
location. 
BHE/WRH 
is 
only valid during 16-bit external 
memory read/write 
cycles. Also an LSIO pin when 
not BHE/WRH. 


P5.6/READY 
Ready input to lengthen 
external 
memory cycles, for interfacing 
with slow or 
dynamic 
memory, or for bus sharing. If the pin is high, CPU operation 
continues 
in a 
normal manner. 
If the pin is low prior to the falling edge of CLKOUT, 
the memory 
controller 
goes into a wait state mode until the next positive transition 
in CLKOUT 
occurs with READY high. When external 
memory is not used, READY has no effect. 


The max number of wait states inserted 
into the bus cycle is controlled 
by the CCR/ 
CCR 1. Also an LSIO pin when READY is not selected. 


P5.4/SLPINT 
Dual function 
I/O pin. As a bidirectional 
port pin or as a system function. 
The system 
function 
is a Slave Port Interrupt 
Output Pin. 


P6.2/T1CLK 
Dual function 
I/O pin. Primary function 
is that of a bidirectional 
I/O pin, however, 
it 
may also be used as a TIMER1 
Clock input. The TIMER1 will increment 
or 


decrement 
on both positive and negative 
edges of this pin. 


P6.3/T1DIR 
Dual function 
I/O pin. Primary function 
is that of a bidirectional 
I/O pin, however, 
it 
may also be used as a TIMER1 
Direction 
input. The T1MER1 will increment 
when 
this pin is high and decrements 
when this pin is low. 


PORT1/EPAO-7 
Dual function 
I/O port pins. Primary function 
is that of bidirectional 
I/O. System 
P6.0-6.1/EPA8-9 
function 
is that of High Speed capture 
and compare. 
EPAO and EPA2 have yet 
another function 
of T2CLK and T2DIR of the TIMER2 
timer/counter. 


PORT 0/ ACH4-7 
4-bit high impedance 
input-only 
port. These pins can be used as digital inputs and/or 


as analog inputs to the on-chip A/D converter. 
These pins are also used as inputs to 
EPROM parts to select the Programming 
Mode. 


P6.3-6.7/SSI0 
Dual function 
I/O ports that have a system function 
as Synchronous 
Serial I/O. Two 
pins are clocks and two pins are data, providing 
full duplex capability. 


PORT 2 
8-bit multi-functional 
port. All of its pins are shared with other functions. 


PORT 3 and4 
8-bit bidirectional 
I/O ports with open drain outputs. These pins are shared with the 
multiplexed 
address/data 
bus which has strong internal 
pull ups. 


EPORT 
8-bit bidirectional 
standard 
and I/O port. These bits are shared with the extended 
address 
bus, A 16-A 19. Pin function 
is selected 
on a per pin basis. 


NOTICE: 
This 
document 
contains 
information 
on 


products in the design phase of development. 
Do not 
finalize a design with this information. 
Revised infor- 
mation will be published when the product 
is avail- 
able. Verify with your local Intel Sales office that you 
have the latest data sheet before finalizing a design. 


• WARNING: Stressing the device beyond the "Absolute 
Maximum 
Ratings" 
may 
cause 
permanent 
damage. 
These are stress ratings 
only. Operation 
beyond 
the 
"Operating 
Conditions" 
is not recommended 
and ex- 
tended 
exposure 
beyond 
the 
"Operating 
Conditions" 


may affect device reliability. 


Storage Temperature 
- 60·C to + 150·C 


Voltage 
from Vpp or EA to 
VSS or ANGND 
- 0.5V to + 13.0V 


Voltage 
from Any Other Pin 
to VSS or ANGND 
- 0.5 to + 7.0V 
This includes 
Vpp on ROM and CPU devices. 


Power Dissipation 
0.5W 


Symbol 
Parameter 
Mln 
Max 
Units 


TA 
Ambient 
Temperature 
Under Bias 
0 
+70 
·C 


Vcc 
Digital Supply Voltage 
4.50 
5.50 
V 


VREF 
Analog Supply Voltage 
4.50 
5.50 
V 


Fosc 
Oscillator 
Frequency 
4 
16 
MHz (Note 4) 


NOTE: 
ANGND and Vss should be nominally at the same potential. 


Symbol 
Parameter 
Mln 
Typ 
Max 
Units 
Test Conditions 


Ice 
Vee Supply Current 
90 
mA 
XTAL1 = 16 MHz, 


Vee = Vpp = VREF = 5.5V 


IREF 
AID Reference Supply Current 
5 
mA 
(While device in Reset) 


IIDLE 
Idle Mode Current 
40 
mA 
XTAL 1 = 16 MHz, 
Vee = Vpp = VREF = 5.5V 


IpD 
Powerdown Mode Current(6) 
50 
75 
p.A 
Vee = Vpp = VREF = 5.5V(11) 


VIL 
Input Low Voltage (all pins) 
-0.5V 
0.3 Vee 
V 
For PORTO(10) 


VIH 
Input High Voltage 
0.7 Vee 
Vee + 0.5 
V 
For PORTO(10) 


VIH1 
Input High Voltage XTAL 1 
0.7 Vee 
Vee + 0.5 
V 
XTAL1 Input Pin Only(1) 


VIH2 
Input High Voltage on RESET 
0.7 Vee 
Vee + 0.5 
V 
RESET input pin only 


VOL 
Output Low Voltage 
0.3 
V 
IOL = 200 p.A(3,5) 


(Outputs Configured as 
0.45 
V 
IOL = 3.2mA 
Complementary) 
1.5 
V 
IOL = 7.0mA 


VOH 
Output High Voltage 
Vee - 
0.3 
V 
IOH = - 200p.A(3,5) 
(Outputs Configured as 
Vee - 
0.7 
V 
IOH = -3.2 
mA 
Complementary) 
Vee - 
1.5 
V 
IOH = -7.0 
mA 


III 
Input Leakage Current (Std. Inputs) 
±10 
p.A 
VSS < VIN < Vee 


ILl1 
Input Leakage Current (Port 0) 
±1 
p.A 
Vcc < VIN < VREF 


IlL 
Logical 0 Input Current 
-70 
p.A 
VIN = 0.45V(1) 


II 
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Symbol 
Parameter 
Mln 
Typ 
Max 
Units 
Test Conditions 


Vou 
Output 
Low Voltage 
in RESET 
O.B 
V 
(Note 
7) 


VOHI 
SLPINT 
(P5A) 
and 
HLDA 
(P2.6) 
2.0 
V 
IOH = O.B mA(7) 


Output 
High Voltage 
in RESET 


VOH2 
Output 
High Voltage 
in RESET 
Vcc-1V 
V 
IOH = -6 
p.A(I) 


Cs 
Pin Capacitance 
(Any pin to Vss) 
10 
pF 
ftest = 1.0 MHz 


Rwpu 
Weak 
Pullup 
Resistance 
150K 
n 
(Note 
6) 


RRST 
Reset 
Pullup 
65K 
1BOK 
n 


NOTES: 
1. All BD (bidirectional) 
pins except 
INST and CLKOUT. 
INST and CLKOUT 
are excluded 
due to their not being weakly 
pulled 
high in reset. 
BD pins include 
Port1, 
Port2, 
Port3, 
Port4, 
PortS, Port6 and EPORT 
except 
SPLINT 
(P5.4) and HLDA 
(P2.6). 


2. Standard 
input pins include 
XTAL1, 
EA, RESET, 
and Port 1/2/5/6 
and EPORT when 
setup as inputs. 


3. All bidirectional 
I/O 
pins when 
configured 
as Outputs 
(Push/Pull). 
4. Device 
is static 
and should 
operate 
below 
1 Hz, but only tested 
down 
to 4 MHz. 


5. Maximum 
IOL/IOH currents 
per pin will be characterized 
and published 
at a later date. 
6. Typicals 
are based 
on limited 
number 
of samples 
and are not guaranteed. 
The values 
listed are at room temperature 
and 
VREF = Vcc = 5.0V. 
7. Violating 
these 
specifications 
in reset may cause 
the device 
to enter 
test modes 
(P5.4 and P2.6). 
8. TBD = To Be Determined. 
9. Pullup present 
during 
return 
from powerdown 
condition. 


10. When 
PO is used as analog 
inputs, 
refer to AID 
specifications. 


11. For temperatures 
< 100·C typical 
is 10 JJ.A. 


The 8XC196NT device has 3 additional bus timing 
modes for external memory interfacing. 


Mode 3 is the standard timing mode. Use this mode 
for systems that emulate the 8XC196KR bus tim- 
ings. 


Mode 0 is the standard timing mode, but 1 (mini- 
mum) wait state is always inserted in external bus 
cycles. 


Mode 1 is the long R/W mode. This mode advances 
RD and WR signals by 1 Tose creating a 2 Tose 
RD/WR low time. ALE is also advanced by 0.5 Tose 
but ALE high time remains 1 Tose. 


Mode 2 is the long R/W mode with Early Address. 
Mode 2 is similar to Mode 1 with respect to RD, WR, • 
and ALE signals. Additionally, the address is output 
I 


on the bus 0.5 Tose earlier in the bus cycle. 


AD 
-------- 
•• 


MDDE(l) 
" 


• 
Data 
Drive 


Conditions: 
H-High 
L-Low 
V-Valid 
X-No 
Longer 
Valid 
Z-Floating 


Signals: 
A-Address 
B-BHE 
BR-BREQ 
e-cLKOUT 
D-DATA 


G-Buswidth 
H-HOLD 


HA-HLDA 
L-ALE/ADV 
Q-DataOut 
RD-RD 


W-WR/WRH/WRI 
X-XTAL1 
Y-READY 


Each symbol 
is two pairs of letters 
prefixed 
by "T" 
for time. 
The characters 
in a pair indicate 
a signal 
and 
its condition, 
respectively. 
Symbols 
represent 
the time between 
the two signal/condition 
points. 


BUS MODE 0 and 3-AC 
CHARACTERISTICS (Over Specified 
Operating 
Conditions) 
Test Conditions: 
Capacitance 
Load on All Pins = 100 pF, Rise and Fall Times = 10 ns. 


Symbol 
Parameter 
Min 
Max 
Units 


TAVYV 
Address 
Valid to Ready Setup 
2 Tosc 
- 
75 
ns(3) 


TLLYV 
ALE Low to READY Setup 
Tosc 
- 
70 
ns(3) 


TYLYH 
Non READY Time 
No Upper Limit 
ns 


TCLYX 
READY Hold after CLKOUT 
Low 
0 
Tosc 
- 
30 
ns(1) 


TAVGV 
Address 
Valid to BUSWIDTH 
Setup 
2 Tosc 
- 
75 
ns(2,3) 


TLLGV 
ALE Low to BUSWIDTH 
Setup 
Tosc 
- 
60 
ns(2,3) 


TCLGX 
BUSWIDTH 
Hold after CLKOUT 
Low 
0 
ns 


TAVDV 
Address 
Valid to Input Data Valid 
3 Tosc 
- 
55 
ns(2) 


TRLDV 
RD active to input Data Valid 
Tosc 
- 
30 
ns(2) 


TCLDV 
CLKOUT 
Low to Input Data Valid 
Tosc 
- 
60 
ns 


TRHDZ 
End of RD to Input Data Float 
Tosc 
ns 


TRHDX 
Data Hold after RD High 
0 
ns 


NOTES: 
1. If Max is exceeded, 
additional 
wait states 
will occur. 
2. If wait states 
are used, add 2 Tase x n, where 
n = number 
of wait states. 
3. If mode 
0 is selected, 
one wait state 
minimum 
is always 
added. 
If additional 
wait states 
are required, 
add 2 Tase to the 


specification. 


BUS MODE 0 and 3-AC 
CHARACTERISTICS (Over Specified 
Operating 
Conditions) 
Test Conditions: 
Capacitance 
Load on All Pins = 100 pF, Rise and Fall Times 
= 10 ns. 


Symbol 
Parameter 
Mln 
Max 
Units 


FXTAL 
Frequency 
on XT AL 1 
4.0 
16.0 
MHz(1) 


TosC 
XTAL1 Period (1/FxTAU 
62.5 
250 
ns 


TXHCH 
XTAL 1 High to CLKOUT 
High or Low 
+20 
110 
ns 


TOFD 
Clock Failure to Reset Pulled Low(6) 
4 
40 
IJ-s 


TCLCL 
CLKOUT 
Period 
2 Tosc 
ns 


TCHCL 
CLKOUT 
High Period 
Tosc 
- 
10 
Tosc 
+ 30 
ns 


TCLLH 
CLKOUT 
Low to ALE/ ADV High 
-10 
+15 
ns 


TLLCH 
ALE/ ADV Low to CLKOUT 
High 
-25 
+15 
ns 


TLHLH 
ALE/ ADV Cycle Time 
4 Tosc 
ns(5) 


TLHLL 
ALE/ ADV High Time 
Tosc 
- 
10 
Tosc 
+ 
10 
ns 


TAVLL 
Address 
Valid to ALE Low 
TOSC - 
15 
ns 


TLLAX 
Address 
Hold After ALE/ ADV Low 
Tosc 
- 
40 
ns 


TLLRL 
ALE/ ADV Low to RD Low 
TOSC - 
40 
ns 


TRLCL 
RD Low to CLKOUT 
Low 
+4 
+35 
ns 


TRLRH 
RD Low Period 
Tosc 
- 
5 
ns(5) 


TRHLH 
RD High to ALE/ ADV High 
TOSC 
TOSC + 25 
ns(3) 


TRLAZ 
RD Low to Address 
Float 
+5 
ns 


TLLWL 
ALE/ ADV Low to WR Low 
Tosc 
- 
10 
ns 


TCLWL 
CLKOUT 
Low to WR Low 
-10 
+25 
ns 


TQVWH 
Data Valid before WR High 
Tosc 
- 
23 
ns 


TCHWH 
CLKOUT 
High to WR High 
-10 
+15 
ns 


TWLWH 
WR Low Period 
Tosc 
- 
30 
ns(5) 


TWHQX 
Data Hold after WR High 
Tosc 
- 
30 
ns 


TWHLH 
WR High to ALE/ ADV High 
Tosc 
- 
10 
TOSC + 
15 
ns(3) 


TWHBX 
SHE, INST Hold after WR High 
Tosc 
- 
10 
ns 


TWHAX 
AD8-15 
Hold after WR High 
Tosc 
- 
30 
ns(4) 


TRHBX 
SHE, INST Hold after RD High 
TOSC - 
10 
ns 


TRHAX 
AD8-15 
Hold after RD High 
Tosc 
- 
30 
ns(4) 


NOTES: 
1. Testing performed at 8.0 MHz, however, the device is static by design and will typically operate below 1 Hz. 
2. Typical specifications, not guaranteed. 
3. Assuming back-to-back bus cycles. 
4. 8-bit bus only. 
5. If wait states are used, add 2 TOSC x n, where n = number of wait states. If mode 0 (1 automatic wait state added) 
operation is selected, add 2 TOSC to specification. 


6. TOFD is the time for the oscillator fail detect circuit (OFD) to react to a clock failure. The OFD circuitry is enabled by 
programming the UPROM location 0778H with the value 0004H. NTINQ customer QROM codes need to equate location 
2016H to the value OCDEHif the oscillator fail detect (OFD) function is desired. Intel manufacturing uses location 2016H 
as a flag to determine whether or not to program the Clock Detect Enable (CDE) bit. Programming the CDE bit 
enables oscillator fail detection. 
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BUS MODE 1-AC 
CHARACTERISTICS (Over Specified 
Operating 
Conditions) 
Test Conditions: 
Capacitance 
Load on All Pins = 100 pF, Rise and Fall Times = 10 ns. 


Symbol 
Parameter 
Min 
Max 
Units 


TAVYV 
Address 
Valid to Ready Setup 
2 Tosc 
- 
75 
ns 


TLLYV 
ALE Low to READY Setup 
1.5Tosc-70 
ns 


TYLYH 
Non READY Time 
No Upper Limit 
ns 


TCLYX 
READY Hold after CLKOUT 
Low 
0 
ToSC - 
30 
ns(1) 


TAVGV 
Address 
Valid to BUSWIDTH 
Setup 
2 Tosc 
- 
75 
ns 


TLLGV 
ALE Low to BUSWIDTH 
Setup 
1.5 Tosc 
- 
60 
ns 


TCLGX 
BUSWIDTH 
Hold after CLKOUT 
Low 
0 
ns 


TAVDV 
Address 
Valid to Input Data Valid 
3 Tosc 
- 
60 
ns(2) 


TI'lLDV 
RD active to input Data Valid 
2 Tosc 
- 
44 
ns(2) 


TCLDV 
CLKOUT 
Low to Input Data Valid 
Tosc 
- 
60 
ns 


TRHDZ 
End of RD to Input Data Float 
Tosc 
ns 


TRHDX 
Data Hold after RD High 
0 
ns 


NOTES: 
1. If Max is exceeded, 
additional 
wait states 
will occur. 
2. If wait states 
are used, add 2 Tase 
x n, where 
n = number 
of wait states. 


Symbol 
Parameter 
Min 
Max 
Units 


FXTAL 
Frequency 
on XTAL 1 
8.0 
16.0 
MHz(1) 


TOSC 
XTAL1 Period (1/FxTALl 
62.5 
125 
ns 


TXHCH 
XT AL 1 High to CLKOUT 
High or Low 
+20 
110 
ns 


TCLCL 
CLKOUT 
Period 
2 Tosc 
ns 


TCHCL 
CLKOUT 
High Period 
Tosc 
- 
10 
Tosc 
+ 27 
ns 


TCHLH 
CLKOUT 
HIGH to ALE/ ADV High 
0.5 Tosc 
- 
15 
0.5 Tosc 
+ 15 
ns 


TCLLL 
CLKOUT 
LOW to ALE/ ADV Low 
0.5 Tosc 
- 
25 
0.5 Tosc 
+ 15 
ns 


TLHLH 
ALE/ ADV Cycle Time 
4 Tosc 
ns(5) 


TLHLL 
ALE/ ADV High Time 
Tosc 
- 
10 
Tosc 
+ 10 
ns 


TAVLL 
Address 
Valid to ALE Low 
0.5 Tosc 
- 
15 
ns 


TLLAX 
Address 
Hold After ALE/ ADV Low 
0.5 Tosc 
- 
20 
ns 


TLLRL 
ALE/ ADV Low to RD Low 
0.5 Tosc 
- 
15 
ns 


TRLCL 
RD Low to CLKOUT 
Low 
Tosc 
- 
10 
Tosc 
+ 30 
ns 


TRLRH 
RD Low Period 
2 Tosc 
- 
20 
ns(5) 


TRHLH 
RD High to ALE/ ADV High 
0.5 Tosc 
0.5 Tosc 
+ 25 
ns(3) 


TRLAZ 
RD Low to Address 
Float 
+5 
ns 


hLWL 
ALE/ ADV Low to WR Low 
0.5 Tosc 
- 
10 
ns 


TCLWL 
CLKOUT 
Low to WR Low 
Tosc 
- 
15 
Tosc 
+ 25 
ns 


TQVWH 
Data Valid before WR High 
2 Tosc 
- 
23 
ns 


TCHWH 
CLKOUT 
High to WR High 
-10 
+15 
ns 


TWLWH 
WR Low Period 
2 Tosc 
- 
15 
ns(5) 


TWHQX 
Data Hold after WR High 
0.5 Tosc 
- 
25 
ns 


TWHLH 
WR High to ALE/ ADV High 
0.5 Tosc 
- 
10 
0.5 Tosc 
+ 15 
ns(3) 


TWHBX 
SHE Hold after WR High 
Tosc 
- 
15 
ns 


TWHIX 
INST Hold after WR High 
0.5 Tosc 
- 
15 


TWHAX 
AD8-15 
Hold after WR High 
0.5 Tosc 
- 
30 
ns(4) 


TRHBX 
SHE Hold after RD High 
Tosc 
- 
32 
ns 


TRHIX 
INST Hold after RD High 
0.5 Tosc 
- 
32 


TRHAX 
AD8-15 
Hold after RD High 
0.5 Tosc 
- 
30 
ns(4) 


NOTES: 
1. Testing 
performed 
at 8.0 MHz, however, 
the device 
is static 
by design 
and will typically 
operate 
below 
1 Hz. 


2. Typical 
specifications, 
not guaranteed. 
3. Assuming 
back-to-back 
bus cycles. 


4. 8-bit bus only. 
5. If wait states 
are used, add 2 TOSC x 
n, where 
n = number 
of wait states. 


I-TAVLL 


ADDRESS 


TQVWH 


DATA 
OUT 


INST 
~ 
IN_S_T_V_A_LI_D 
...IX•. 
_ 


ALE 
D 


READY 


r 


T"VYV 
~. 


TRLRH 
+ 2 
Tose 
? 
RD 


TAVOV + 2 lose 
'\ 


BUS 
READ 
»»»»»X 
ADDRESS 
OUT ) 
( 
DATA 
IN 
»»»»» 


I 


~' 


TWLWH 
+ 2 
Tose 


~ 


WR 


I 
TQVWH 
+ 2 
lose 


BUS 
WRITE 
}-{ 
ADDRESS 
OUT X«( 
DATA 
OUT 
}- 


272267-9 


XTAlt 


CLKOUT J 
\ 
/ 
t;,,", 


/ 
\ 
/ 


ALE 
/ 
'r 
TllGV---1 
/ 
\ 


BUSWIDTH 
~ 
x::::: 
I' 
TAyGV 
.1 


BUS 
WRITE 
}-{ 
AODRESS 
OUT X«( 
DATA OUT 
}-{ 
ADDRESS 
OUT X«( 


272267-10 


BUS MODE 2-AC 
CHARACTERISTICS (Over Specified 
Operating 
Conditions) 
Test Conditions: 
Capacitance 
Load on All Pins = 100 pF, Rise and Fall Times 
= 10 ns. 


Symbol 
Parameter 
Mln 
Max 
Units 


TAVYV 
Address Valid to Ready Setup 
2.5 Tose 
- 75 
ns 


TLLYV 
ALE Low to READY Setup 
1.5 Tose 
- 70 
ns 


TYLYH 
Non READY Time 
No Upper Limit 
ns 


TeLYX 
READY Hold after CLKOUT 
Low 
0 
Tose 
- 30 
ns(1) 


TAVGV 
Address 
Valid to BUSWIDTH 
Setup 
2.5 Tose 
- 75 
ns 


TLLGV 
ALE Low to BUSWIDTH 
Setup 
1.5 Tose 
- 
60 
ns 


TeLGX 
BUSWIDTH 
Hold after CLKOUT 
Low 
0 
ns 


TAVDV 
Address 
Valid to Input Data Valid 
3.5 Tose 
- 55 
ns(2) 


TRLDV 
RD active to input Data Valid 
2 Tose 
- 
44 
ns(2) 


TeLDV 
CLKOUT 
Low to Input Data Valid 
Tose 
- 60 
ns 


TRHDZ 
End of RD to Input Data Float 
0.5 Tose 
ns 


TRHDX 
Data Hold after RD High 
0 
ns 


NOTES: 
1. If Max is exceeded, 
additional 
wait states 
will occur. 


2. If wait states 
are used, add 2 Tase x n. where 
n = number 
of wait states. 


BUS MODE 2-AC 
CHARACTERISTICS (Over Specified 
Operating 
Conditions) 
Test Conditions: 
Capacitance 
Load on All Pins = 100 pF, Rise and Fall Times = 10 ns. 


Symbol 
Parameter 
Min 
Max 
Units 


FXTAL 
Frequency 
on XT AL 1 
8.0 
16.0 
MHz(1) 


TOSC 
XTAL1 Period (1/FxTALl 
62.5 
125 
ns 


TXHCH 
XT AL 1 High to CLKOUT 
High or Low 
+20 
+85 
ns 


TCLCL 
CLKOUT 
Period 
2 Tosc 
ns 


TCHCL 
CLKOUT 
High Period 
Tosc 
- 
10 
Tosc 
+ 27 
ns 


TCHLH 
CLKOUT 
HIGH to ALE/ ADV High 
0.5 Tosc 
- 
15 
0.5 Tosc 
+ 
15 
ns 


TCLLL 
CLKOUT 
LOW to ALE/ ADV Low 
0.5 Tosc 
- 
25 
0.5 Tosc 
+ 
15 
ns 


TLHLH 
ALE/ ADV Cycle Time 
4 Tosc 
ns(5) 


TLHLL 
ALE/ ADV High Time 
Tosc 
- 
10 
Tosc 
+ 
10 
ns 


TAVLL 
Address 
Valid to ALE Low 
Tosc 
- 
15 
ns 


TLLAX 
Address 
Hold After ALE/ ADV Low 
0.5 Tosc 
- 
20 
ns 


TLLRL 
ALE/ ADV Low to RD Low 
0.5 Tosc 
- 
15 
ns 


TRLCL 
RD Low to CLKOUT 
Low 
Tosc 
- 
10 
Tosc 
+ 30 
ns 


TRLRH 
RD Low Period 
2 Tosc 
- 
20 
ns(5) 


TRHLH 
RD High to ALE/ ADV High 
0.5 Tosc 
- 
5 
0.5 Tosc 
+ 25 
ns(3) 


TRLAZ 
RD Low to Address 
Float 
+5 
ns 


TLLWL 
ALE/ ADV Low to WR Low 
0.5 Tosc 
- 
10 
ns 


TCLWL 
CLKOUT 
Low to WR Low 
Tosc 
- 
22 
Tosc 
+ 25 
ns 


TQVWH 
Data Valid before WR High 
2 Tosc 
- 
25 
ns 


TCHWH 
CLKOUT 
High to WR High 
-10 
+15 
ns 


TWLWH 
WR Low Period 
2 Tosc 
- 
20 
ns(5) 


TWHQX 
Data Hold after WR High 
0.5 Tosc 
- 
25 
ns 


TWHLH 
WR High to ALE/ ADV High 
0.5 Tosc 
- 
10 
0.5 Tosc 
+ 
10 
ns(3) 


TWHBX 
SHE Hold after WR High 
Tosc 
- 
15 
ns 


TWHIX 
INST Hold after WR High 
0.5 Tosc 
- 
15 


TWHAX 
AD8-15 
Hold after WR High 
0.5 Tosc 
- 
30 
ns(4) 


TRHBX 
SHE Hold after RD High 
Tosc 
- 
32 
ns 


TRHIX 
INST Hold after RD High 
0.5 Tosc 
- 
32 


TRHAX 
AD8-15 
Hold after RD High 
0.5 Tosc 
- 
30 
ns(4) 


NOTES: 
1. Testing 
performed 
at 8.0 MHz, however, 
the device 
is static 
by design 
and will typically 
operate 
below 
1 Hz. 
2. Typical 
specifications, 
not guaranteed. 


3. Assuming 
back-to-back 
bus cycles. 


4. 8-bit bus only. 
5. If wait states 
are used, add 2 TOSC x 
n, where 
n = number 
of wait states. 
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BUS MODE 0, 1, 2, and 3-HOLD/HOLDA 
TIMINGS 
(Over Specified 
Operation 
Conditions) 


Test Conditions: 
Capacitance 
Load on All Pins = 100pF, Rise and Fall Times 
= 10 ns. 


Symbol 
Parameter 
Min 
Max 
Units 


THVCH 
HOLD Setup Time 
+65 
ns(1) 


TCLHAL 
CLKOUT 
Low to HLDA Low 
-15 
+15 
ns 


TCLBRL 
CLKOUT 
Low to SREQ Low 
-15 
+15 
ns 


THALAZ 
HLDA Low to Address 
Float 
+25 
ns 


THALBZ 
HLDA Low to SHE, INST, RD, WR Weakly Driven 
+25 
ns 


TCLHAH 
CLKOUT 
Low to HLDA High 
-25 
+15 
ns 


TCLBRH 
CLKOUT 
Low to SREQ High 
-25 
+25 
ns 


THAHAX 
HLDA High to Address 
No Longer Float 
-15 
ns 


THAHBV 
HLDA High to SHE, INST, RD, WR Valid 
-10 
ns 


NOTE: 
1. To guarantee 
recognition 
at next clock. 
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Symbol 
Parameter 
Min 
Max 
Units 


TSAVWL 
Address 
Valid to WA Low 
50 
ns 


TSRHAV 
AD High to Address 
Valid 
60 
ns 


TSRLRH 
AD Low Period 
TOSC 
ns 


TSWLWH 
WA Low Period 
Tosc 
ns 


TSRLDV 
AD Low to Output Data Valid 
60 
ns 


TSDVWH 
Input Data Setup to WA High 
20 
ns 


TSWHQX 
WA High to Data Invalid 
30 
ns 


TSRHDZ 
AD High to Data Float 
15 
ns 


NOTES: 
1. Test Conditions: Fosc = 16 MHz. Tosc = 60 ns. Rise/Fall Time = 10 ns. Capacitive Pin Load = 100 pF. 
2. These values are not tested in production, and are based upon theoretical estimates and/or laboratory tests. 
3. Specifications above are advanced information and are subject to change. 
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Symbol 
Parameter 
Mln 
Max 
Units 


TSELLL 
CS Low to ALE Low 
20 
ns 


TSRHEH 
RD or WR High to CS High 
60 
ns 


TSLLRL 
ALE Low to RD Low 
Tosc 
ns 


TSRLRH 
RD Low Period 


I 


Tosc 
ns 


TSWLWH 
WR Low Period 
Tosc 
ns 


TSAVLL 
Address 
Valid to ALE Low 
20 
ns 


TSLLAX 
ALE Low to Address 
Invalid 
20 
ns 


TSRLDV 
RD Low to Output Data Valid 
60 
ns 


TSDVWH 
Input Data Setup to WR High 
20 
ns 


TSWHQX 
WR High to Data Invalid 
30 
ns 


TSRHDZ 
RD High to Data Float 
15 
ns 


NOTES: 
1. Test Conditions: Fosc = 16 MHz, Tosc = 60 ns. Rise/Fall Time = 10 ns. Capacitive Pin Load = 100 pF. 
2. These values are' not tested in production, and are based upon theoretical estimates and/or laboratory tests. 
3. Specifications above are advanced information and are subject to change. 


Symbol 
Parameter 
Min 
Max 
Units 


1/TxLXL 
Oscillator 
Frequency 
4 
16/20 
MHz 


TXLXL 
Oscillator 
Period (Toscl 
62.5/50 
250 
ns 


TXHXX 
High Time 
0.35 x Tose 
0.65 Tose 
ns 


TXLXX 
Low Time 
0.35 X Tose 
0.65 Tose 
ns 


TXLXH 
Rise Time 
10 
ns 


TXHXL 
Fall Time 
10 
ns 
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For timing purposes a Port Pin is no longer floating 
when a 150 mV change from load voltage occurs and 
begins to float when a 150 mV change from the loading 
VOHIVOLlevel occurs IOL/IOH ,;; 15 mA. 


272267-18 
Ae Testing inputs are driven at 3.5V for a logic "1" and 
0.45V for a logic "0". Timing measurements are made 
at 2.0V for a logic "1" and 0.8V for logic "0". 
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SERIAL PORT TIMING-SHIFTING 
REGISTER MODE 
Test Conditions: 
TA = 
-40·C 
to + 125·C; Vcc 
= 5.0V ± 10%; VSS = O.OV; Load Capacitance 
= pF 


Symbol 
Parameter 
Min 
Max 
Units 


TXLXL 
Serial Port Clock Period 
8 Tosc 
ns 


TXLXH 
Serial Port Clock Falling Edge to Rising Edge 
4Tosc-5O 
Tosc 
+ 50 
ns 


TQVXH 
Output Data Setup to Clock Rising Edge 
3 Tosc 
ns 


TXHQX 
Output Data Hold after Clock Rising Edge 
2 Tosc 
- 
50 
ns 


TXHQV 
Next Output Data Valid after Clock Rising Edge 
2 Tosc 
+ 50 
ns 


TOVXH 
Input Data Setup to Clock Rising Edge 
2 Tosc 
+ 200 
ns 


TXHOX(1) 
Input Data Hold after Clock Rising Edge 
0 
ns 


TXHQZ(1) 
Last Clock Rising to Output Float 
5 Tosc 
ns 


NOTE: 
1. Parameters 
not tested. 


A to 0 CHARACTERISTICS 
The AID converter 
is ratiometric, 
so absolute 
accuracy 
is dependent 
on the accuracy 
and stability 
of VREF. 


Symbol 
Description 
Min 
Max 
Units 


TA 
Ambient Temperature 
0 
+70 
°C 


Vee 
Digital Supply Voltage 
4.50 
5.50 
V 


VREF 
Analog Supply Voltage 
4.50 
5.50 
V(1) 


TSAM 
Sample Time 
1.0 
/-Ls(2) 


TeONV 
Conversion 
Time 
10 
15 
/-Ls(2) 


Fose 
Oscillator 
Frequency 
4.0 
16.0 
MHz 


NOTES: 
1. VREFmust be within 0.5V of VCC' 
2. The value of AD_TIME is selected to meet these specifications. 


Parameter 
Typ'(1) 
Min 
Max 
Units' 


Resolution 
1024 
1024 
Level 


10 
10 
Bits 


Absolute 
Error 
0 
±3.0 
LSBs 


Full Scale Error 
0.25 ±0.5 
LSBs 


Zero Offset Error 
0.25 ±0.5 
LSBs 


Non-Linearity 
1.0 ±2.0 
±3.0 
LSBs 


Differential 
Non-Linearity 
-0.75 
+0.75 
LSBs 


Channel-to-Channel 
Matching 
±0.1 
0 
± 1.0 
LSBs 


Repeatability 
±0.25 
0 
LSBs(1) 


Temperature 
Coefficients: 


Offset 
0.009 
LSB/C(1) 
Full Scale 
0.009 
LSB/C(1) 
Differential 
Non-Linearity 
0.009 
LSB/C(1) 


Off Isolation 
-60 
dB(1,2,3) 


Feedthrough 
-60 
dB(1,2) 


Vee Power Supply Rejection 
-60 
dB(1,2) 


Input Resistance 
750 
1.2K 
0,(4) 


DC Input Leakage 
±1.0 
0 
±3.0 
/-LA 


Voltage on Analog 
Input Pin 
ANGND 
- 0.5 
VREF + 0.5 
V(5) 


Sampling 
Capacitor 
3.0 
pF 


NOTES: 
1. These values are expected for most parts at 25°C, but are not tested or guaranteed. 
2. DC to 100 KHz. 
3. Multiplexer break-before-make is guaranteed. 
4. Resistance from device pin, through internal MUX, to sample capacitor. 
5. Applying voltages beyond these specifications will degrade the accuracy of other channels being converted. 
6. All conversions performed with processor in IDLE mode. 


intel~ 


Symbol 
Description 
Min 
Max 
Units 


TA 
Ambient 
Temperature 
0 
+70 
°C 


VCC 
Digital Supply Voltage 
4.50 
5.50 
V 


VREF 
Analog Supply Voltage 
4.50 
5.50 
V(l) 


TSAM 
Sample Time 
1.0 
IJ-s(2) 


TCONV 
Conversion 
Time 
7 
20 
IJ-s(2) 


Fosc 
Oscillator 
Frequency 
4.0 
16.0 
MHz 


NOTES: 
1. VREFmust be within 0.5V of Vcc. 
2. The value of AD_TIME is selected to meet these specifications. 


Parameter 
Typ'(l) 
Min 
Max 
Units' 


Resolution 
256 
256 
Level 
8 
8 
Bits 


Absolute 
Error 
0 
±1.0 
LSBs 


Full Scale Error 
±0.5 
LSBs 


Zero Offset Error 
±0.5 
LSBs 


Non-Linearity 
0 
±1.0 
LSBs 


Differential 
Non-Linearity 
~0.5 
+0.5 
LSBs 


. Channel-to-Channel 
Matching 
0 
± 1.0 
LSBs 


Repeatability 
±0.25 
0 
LSBs(l) 


Temperature 
Coefficients: 
Offset 
0.003 
LSB/C(l) 


Full Scale 
0.003 
LSB/C(l) 


Differential 
Non-Linearity 
0.003 
LSB/C(l) 


Off Isolation 
-60 
dB(1,2,3) 


Feedthrough 
-60 
dB(l,2) 


VCC Power Supply Rejection 
-60 
dB(l,2) 


Input Resistance 
750 
1.2K 
0(4) 


DC Input Leakage 
±1.0 
0 
±3.0 
IJ-A 


Voltage on Analog 
Input Pin 
ANGND 
- 0.5 
VREF + 0.5 
V(5) 


Sampling 
Capacitor 
3.0 
pF 


NOTES: 
1. These values are expected for most parts at 25'C, but are not tested or guaranteed. 
2. DC to 100 KHz. 
3. Multiplexer break-before-make is guaranteed. 
4. Resistance from device pin, through internal MUX, to sample capacitor. 
5. Applying voltage beyond these specifications will degrade the accuracy of other channels being converted. 
6. All conversions performed with processor in IDLE mode. 


Symbol 
Description 
Mln 
Max 
Units 


TA 
Ambient Temperature 
During Programming 
20 
30 
·C 


Vcc 
Supply V~ltage 
During Programming 
4.5 
5.5 
V(1) 


VREF 
Reference 
Supply Voltage 
During Programming 
4.5 
5.5 
V(1) 


Vpp 
Programming 
Voltage 
12.25 
12.75 
V(2) 


VEA 
EA Pin Voltage 
12.25 
12.75 
V(2) 


Fosc 
Oscillator 
Frequency 
during Auto 
6.0 
8.0 
MHz 
and Slave Mode Programming 


Fosc 
Oscillator 
Frequency 
during 
6.0 
16.0/20.0 
MHz 
Run-Time 
Programming 


NOTES: 
1. Vcc and VREFshould nominally be at the same voltage during programming. 
2. Vpp and VEA must never exceed the maximum specification. or the device may be damaged. 
3. Vss and ANGNO should nominally be at the same potential (OV). 
4. Load capacitance during Auto and Slave Mode programming = 150 pF. 


Symbol 
Parameter 
Min 
Max 
Units 


TAVLL 
Address 
Setup Time 
0 
Tosc 


TLLAX 
Address 
Hold Time 
100 
Tosc 


TOVPL 
Data Setup Time 
0 
Tosc 


TpLOX 
Data Hold Time 
400 
Tosc 


TLLLH 
PALE Pulse Width 
50 
Tosc 


TpLPH 
PROG Pulse Width(2) 
50 
Tosc 


PALE High to PROG Low 


, 


TLHPL 
220 
Tosc 


TpHLL 
PROG High to next PALE Low 
220 
Tosc 


TPHOX 
Word Dump Hold Time 
50 
Tosc 


TpHPL 
PROG High to next PROG Low 
220 
Tosc 


TLHPL 
PALE High to PROG Low 
220 
Tosc 


TpLOV 
PROG Low to Word Dump Valid 
50 
Tosc 


TSHLL 
RESET High to First PALE Low 
1100 
Tosc 


TpHIL 
PROG High to AINC Low 
0 
Tosc 


TILIH 
AINC Pulse Width 
240 
Tosc 


TILVH 
PVER Hold after AINC Low 
50 
Tosc 


TILPL 
AINC Low to PROG Low 
170 
Tosc 


TpHVL 
PROG High to PVER Valid 
220 
Tosc 


NOTES: 
1. Run-time programming is done with Fosc = 6.0 MHz to 10.0 MHz, Vcc, VPD,VREF= 5V ±0.5V, Tc = 25°C ±5°C and 
Vpp = 12.5V ±0.25V. For run-time programming over a full operating range, contact factory. 
2. This specification is for the word dump mode. For programming pulses use Modified Quick Pulse Algorithm. 


• 


NOTE: 
Do not apply 
Vpp unti Vcc 
is stable 
and within 
specifications 
and the oscillator/clock 
has stabilized 
or the device 
may be 


damaged. 


NOTE: 
P3.0 must be high ("1") 


RESET ---t= 


TSHLL 


NOTE: 
P3.0 must be 10w("O") 


SLAVE 
PROGRAMMING 
MODE TIMING 
IN DATA 
PROGRAM 
MODE 
WITH 
REPEATED 
PROG PULSE 
AND AUTO 
INCREMENT 


PO~~~ 
( 
ADDRESS/CO~~AND 
),. 
( 
DATA 
),.-------- 
•••( 
DATA 
),. 
_ 


This data sheet (272267-002) applies to devices 
marked with a "e" or "0" at the end of the top side 
tracking number. 


8XC196NT 
Design Considerations 


1. When operating in bus timing modes 1 or 2, the 
upper and lower address/data 
lines must be 
latched. Even in a-bit bus mode. the upper ad- 
dress lines must be latched. In modes 0 and 3. 
the upper address lines DO NOT NEED to be 
latched in a-bit bus width mode. But in 16-bit 
buswidth mode the upper address lines need to 
be latched. 


•• 


8XC196KT 
COMMERCIAL CHMOS MICROCONTROLLER 
• High Performance 
CHMOS 
16-Bit CPU 
• Oscillator 
Fail Detection 
Circuitry 
• Up to 32 Kbytes 
of On-Chip 
EPROM 
• High Speed 
Peripheral 
Transaction 
• Up to 1 Kbyte of On-Chip 
Register 
RAM 
Server 
(PTS) 
• Up to 512 Bytes of Additional 
RAM 
• Two Dedicated 
16-Bit High-Speed 


(Internal 
RAM) 
Compare 
Registers 
• Register-Register 
Architecture 
• 10 High Speed Capture/Compare 
(EPA) 
• 8 Channel/10-Bit 
A/D 
with Sample/Hold 
• Full Duplex Synchronous 
Serial I/O 
Port (SSIO) 
• 37 Prioritized 
Interrupt 
Sources 
Two Flexible 
16-Bit Timer/Counters 
• 
• Up to Seven 8-Bit (56) I/O Ports 
Quadrature 
Counting 
Inputs 
• 
• Full Duplex Serial I/O Port 
Flexible 8-/16-Bit 
External 
Bus 
• 
• Dedicated 
Baud Rate Generator 
(Programmable) 
• Interprocessor 
Communication 
Slave 
• Programmable 
Bus (HOLD/HLDA) 
Port 
1.75 IJ-s16 x 16 Multiply 
• 
• Selectable 
Bus Timing 
Modes for 
3 IJ-s 32/16 
Divide 
Flexible 
Interfacing 
•• 68-Pin PLCC Package 


Pins/Package 
Address 
Space 


68-Pin PLCC 
64 Kbyte 


The 8XC196KT 16·bit microcontroller is a high performance member of the MCS~·96 microcontroller family. 
The 8XC196KT is an enhanced 8XC196KR device with 1000 byte register RAM, 512 bytes internal RAM, 
16 MHz operation and an optional 32 Kbytes of ROM/EPROM. Intel's CHMOS III·E process provides a high 
performance processor along with low power consumption. 


Ten high-speed capture/compare modules are provided. As capture modules event times with 250 ns resolu- 
tion can be recorded and generate interrupts. As compare modules events such as toggling of a port pin, 
starting an A/D conversion, pulse width modulation, and software timers can be generated. Events can be 
based on the timer or up/down counter. 


PORT5 
CONTROL 
SIGNALS 


C196KTXX 
1~ 
~~~,_., 
L 
No lIark= 
1611Hz 


KT Product 
family 


CHIIOS Technology 


'----------- 
Program 
lIemory 
Options: 
7 = EPROIl (Note 
1) 


'-------------- 
Package 
Type Options: 


N = 68-lead 
PlCC 


'----------------Temperature 
and Burn-in 
Options: 


No lIark = DOC- 7DoC Ambient 
with 
Intel Standard 
Burn-In 


EXAMPLE: 
N87C196KT 
is 68-Lead 
PLCC OTPROM. 


For complete 
package 
dimensional 
data. refer to the Intel Packaging 
Handbok 
(Order 
Number 
240800). 


NOTE: 
1. EPROMs 
are available 
as One Time Programmable 
(OTPROM) 
only. 


a 


This device 
is manufactured 
on PX29.5, 
a CHMOS 
III-E process. 
Additional 
process 
and reliability 
infor- 
mation 
is available 
in Intel's 
Components 
Quality 
and Reliability 
Handbook, 
Order 
Number 
210997. 


Table 
1. Thermal 
Characteristics 


Package 
9ja 
9Jc 
Type 


PLCC 
36.5°C/W 
13°C/W 


All thermal 
impedance 
data is approximate 
for static 
air conditions 
at 1W of power dissipation. 
Values will 
change 
depending 
on operation 
conditions 
and ap- 
plication. 
See the Intel Packaging 
Handbook 
(Order 
Number 
240800) 
for a description 
of Intel's thermal 
impedance 
test methodology. 


FFFFH 
24 Kbytes External Memory 
AOOOH 


9FFFH 
Internal EPROM or External Memory 
20BOH 


207FH 
Reserved Memory (Internal EPROM 
2000H 
or External Memory)(4, 5) 


1FFFH 
Memory Mapped Special Function 
1FEOH 
Registers (SFR's) 


1FDFH 
Internal Special Function 
1FOOH Registers (SFR's)(4) 


1EFFH 
External Memory 
0600H 


05FFH 
Internal Code or Data RAM (Address 
0400H 
with Indirect or Indexed Modes) 


03FFH 
) 


Upper Register File 


Register RAM 
(Address with Indirect or 
Indexed Modes or through 
0100H 
Windows)(1) 


OOFFH Register RAM 
) 


Lower Register File 
001BH 
(Address with Direct, 


0017H 
Indirect, or Indexed 


OOOOH CPU SFR's 
Modes)(1, 3) 


NOTES: 
1. Code executed in locations OOOOHto 03FFH will be 
forced external. 
2. Reserved memory locations must contain OFFH unless 
noted. 
3. Reserved SFR bit locations must be written with O. 
4. Refer to 8XC196KT for SFR descriptions. 
5. WARNING: 
The contents or functions of reserved memo 
ory locations may change with future revisions of the de· 
vice. Therefore, a program that relies on one or more of 
these locations may not function properly. 


inte!® 
8XC196KT 


"! 


on 
0 
.,; 
.,; 
l- 
on 
0.. 
0.. 
<D 
Z 
e>: 
0.. 
"'- 
.,; 


"'- 
IX 


"'- 
0:: 
0 
0 
0 
~ ~ 
'" 
I~ 


.,; 
"- 
--' 
0 
() 
0 
() 
.,; 
"- 


"'- 
VI 
VI 
VI 
VI 
VI 
I- 
~ 
"'- 
"- 
"'- 
>- 
"'- 
N 
"'- 
"'- 
"'- 
"'- 
"'- 
I~I~ 


"'- 
"'- 
I- 
0 • 
Vi --' 
--' 
•... 
<D 
on • '" 
"- 


Vl 
L.J 
VI 
"" 
.,; 
"" 
"" 
.,; 
.,; 
.,; 
.,; 
.,; 
I~ ~ 
Vl --' " 


L.J 
Vl 
l- 
I- 
> 
"" 
e>: 
"- 
> 
X 
X 
"- 
"- 
"- 
"- 
"- 


BUSWIDTH/PS.7 
P6.2/T1CLK 


ADIS/P4.7 
P6.1/EPA9 


AD14/P4.6 
P6.0/EPA8 
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8XC196KT 
P1.2/EPA2/T2DIR 
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68-PIN 
P1.4/EPA4 


AD8/P4.0 
PLCC 
P1.S/EPAS 
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TOP VIEW 
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Component 
Side 
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272266-3 


Symbol 
Name and Function 
I 


Main supply voltage 
(+ 5V). 
. 


VCC 


VSS, VSSIoVS-SI 
Digital circuit ground (OV). There are multiple Vss pins, all of which MUST be 
connected. 


VREF 
Reference 
for the AID converter (+ 5V). VREF is also the supply voltage to the analog 
portion of the AID converter 
and the logic used to read Port O. Must be connected 
for 


AID and Port 0 to function. 


Vpp 
Programming 
voltage for the EPROM parts. It should be + 12.5V for programming. 
It 
is also the timing pin for the return from powerdown 
circuit. 


ANGND 
Reference 
ground for the AID converter. 
Must be held at nominally 
the same 
potential 
as Vss. 


XTAL1 
Input of the oscillator 
inverter and the internal clock generator. 


XTAL2 
Output of the oscillator 
inverter. 


P.27/CLKOUT 
Output of the internal clock generator. 
The frequency 
is % the oscillator 
frequency. 
It 
has a 50% duty cycle. Also LSIO pin. 


RESET 
Reset input to and open-drain 
output from the chip. 


P5.7/BUSWIDTH 
Input for bus width selection. 
If CCR bit 1 is a one and CCR1 bit 2 is a one, this pin 
dyamically 
controls 
the Buswidth 
of the bus cycle in progress. 
If BUSWIDTH 
is low, an 
a-bit cycle occurs, if BUSWIDTH 
is high, a 16-bit cycle occurs. 
If CCR bit 1 is "0" and 
CCR1 bit 2 is "1 ", all bus cycles are a-bit, if CCR bit 1 is "1" and CCR1 bit 2 is "0", 
all 


bus cycles are 16-bit. CCR bit 1 = "0" 
and CCR1 bit 2 = "0" 
is illegal. Also an LSIO 
pin when not used as BUSWIDTH. 


NMI 
A positive transition 
causes a non maskable 
interrupt vector through 
memory location 
203EH. 


P5.1/INST 
Output high during an external 
memory read indicates 
the read is an instruction 
fetch. 


INST is valid throughout 
the bus cycle. INST is active only during external 
memory 
fetches, 
during internal 
EPROM fetches 
INST is held low. Also LSIO when not INST. 


EA 
Input for memory select (External Access). 
EA equal to a high causes memory 
accesses 
to locations 
2000H through 9FFFH to be directed to on-chip 
EPROM/ROM. 


EA equal to a low causes accesses 
to these locations 
to be directed 
to off-chip 
memory. 
EA = + 12.5V causes execution 
to begin in the Programming 
Mode. EA is 
latched at reset. 


HOLD 
Bus Hold input requesting 
control 
of the bus. 


HLDA 
Bus hold acknowledge 
output indicating 
release of the bus. 


BREQ 
Bus request output activated 
when the bus controller 
has a pending external 
memory 
cycle. 


P5.0/ ALE/ ADV 
Address 
Latch Enable or Address 
Valid output, as selected 
by CCR. Both pin optionS 
provide a latch to demultiplex 
the address from the address/data 
bus. When the pin is 
ADV, it goes inactive 
(high) at the end of the bus cycle. ADV can be used as a chip 
select for external 
memory. ALE/ ADV is active only during external 
memory 
accesses. 
Also LSIO when not used as ALE. 


P5.3/RD 
Read signal output to external 
memory. 
RD is active only during external 
memory 
reads or LSIO when not used as RD. 


P5.2/WR/WRL 
Write and Write Low output to external 
memory, as selected 
by the CCR, WR will go 
low for every external write, while WRL will go low only for external 
writes where an 
even byte is being written. WR/WRL 
is active during external 
memory writes. Also an 
LSIO pin when not used as WR/WRL. 


Symbol 
Name and Function 


P5.5/BHE/WRH 
Byte High Enable or Write High output, as selected 
by the CCR. BHE = 0 selects the 
bank of memory that is connected 
to the high byte of the data bus. AO= 0 selects 
that bank of memory that is connected 
to the low byte. Thus accesses 
to a 16-bit 
wide memory can be to the low byte only (AO= 0, BHE = 1), to the high byte only 
(AO= 1, BHE = 0) or both bytes (AO= 0, BHE = 0). If the WRH function 
is selected, 
the pin will go low if the bus cycle is writing to an odd memory location. 
BHE/WRH 
is 
only valid during 16-bit external 
memory write cycles. Also an LSIO pin when not 
BHE/WRH. 


P5.6/READY 
Ready input to lengthen 
external 
memory cycles, for interfacing 
with slow or 
dynamic 
memory, or fOr bus sharing. If the pin is high, CPU operation 
continues 
in a 
normal manner. 
If the pin is low prior to the falling edge of CLKOUT, 
the memory 
controller 
goes into a wait state mode until the next positive transition 
in CLKOUT 
occurs with READY high. When external 
memory is not used, READY has no effect. 


The max number of wait states inserted into the bus cycle is controlled 
by the CCR/ 
CCR1. Also an LSIO pin when READY is not selected. 


P5.4/SLPINT 
Dual function 
I/O pin. As a bidirectional 
port pin or as a system function. 
The system 
function 
is a Slave Port Interrupt 
Output Pin. 


P6.2/T1CLK 
Dual function 
I/O pin. Primary function 
is that of a bidirectional 
I/O pin, however, 
it 
may also be used as a TIMER1 
Clock input. The TIMER1 will increment 
or 
decrement 
on both positive and negative 
edges of this pin. 


P6.3/T1DIR 
Dual function 
I/O pin. Primary function 
is that of a bidirectional 
I/O pin, however, 
it 
may also be used as a TIMER1 
Direction 
input. The TIMER1 will increment 
when 
this pin is high and decrements 
when this pin is low. 


PORT1/EPAO-7 
Dual function 
I/O port pins. Primary function 
is that of bidirectional 
I/O. System 
P6.0-6.1/EPA8-9 
function 
is that of High Speed capture and compare. 
EPAO and EPA2 have yet 
another function 
of T2CLK and T2DIR of the TIMER2 timer/counter. 


PORT 0/ ACHO-7 
8-bit high impedance 
input-only 
port. These pins can be used as digital inputs and/or 
as analog inputs to the on-chip A/D 
converter. 
These pins are also used as inputs to 
EPROM parts to select the Programming 
Mode. 


P6.3-6.7/SSI0 
Dual function 
I/O ports that have a system function 
as Synchronous 
Serial I/O. Two 
pins are clocks and two pins are data, providing 
full duplex capability. 


PORT 2 
8-bit multi-functional 
port. All of its pins are shared with other functions. 


PORT 3 and 4 
8-bit bidirectional 
I/O ports with open drain outputs. These pins are shared with the 
multiplexed 
address/data 
bus which has strong internal pullups. 


a 


Storage Temperature 
-60·C 
to + 150·C 


Voltage 
from Vpp or EA to 
VSS or ANGND 
- 0.5V to + 13.0V 


Voltage 
from Any Other Pin 
to VssorANGND 
-0.5to 
+7.0V 
This includes 
Vpp on ROM and CPU devices. 


Power Dissipation 
0.5W 


NOTICE: This data sheet contains preliminary infor- 
mation on new products in production. The specifica- 
tions are subject to change without notice. Verify with 
your local Intel Sales office that you have the latest 
data sheet before finalizing a design. 


• WARNING: Stressing the device beyond the "Absolute 
Maximum 
Ratings" 
may 
cause 
permanent 
damage. 


These are stress ratings only. Operation 
beyond 
the 
"Operating 
Conditions" 
is not recommended 
and ex- 
tended 
exposure 
beyond 
the 
"Operating 
Conditions" 
may affect device reliability. 


Symbol 
Parameter 
Min 
Max 
Units 


TA 
Ambient 
Temperature 
Under Bias 
0 
+70 
·C 


Vcc 
Digital Supply Voltage 
4.50 
5.50 
V 


VREF 
Analog Supply Voltage 
4.50 
5.50 
V 


Fosc 
Oscillator 
Frequency 
4 
16 
MHz (Note 4) 


NOTE: 
ANGND and Vss should be nominally at the same potential. 


Symbol 
Parameter 
Min 
Typ 
Max 
Units 
Test Conditions 


Ice 
Vee Supply Current 
90 
mA 
XTAL 1 = 16 MHz, 
Vee = Vpp = VREF = 5.5V 


IREF 
AID Reference Supply Current 
5 
mA 
(While device in Reset) 


IIDLE 
Idle Mode Current 
40 
mA 
XTAL1 = 16 MHz, 
Vee = Vpp = VREF = 5.5V 


IpD 
Powerdown Mode Current 
50 
75 
p.A 
Vee = Vpp = VREF = 5.5V(6,11) 


VIL 
Input Low Voltage (all pins) 
-0.5V 
0.3 Vee 
V 
For PORTO(10) 


VIH 
Input High Voltage 
0.7 Vee 
Vee + 0.5 
V 
For PORTO(10) 


VIH1 
Input High Voltage XTAL 1 
0.7 Vee 
Vec + 0.5 
V 
XTAL1 Input Pin Only(1) 


VIH2 
Input High Voltage on RESET 
0.7 Vee 
Vee + 0.5 
V 
RESET input pin only 


VOL 
Output Low Voltage 
0.3 
V 
IOL = 200 p.A(3,5) 
(Outputs Configured as 
0.45 
V 
IOL = 3.2 mA 
Complementary) 
1.5 
V 
IOL = 7.0 mA 


VOH 
Output High Voltage 
Vee - 
0.3 
V 
IOH = -200p.A(3,5) 
(Outputs Configured as 
Vee - 
0.7 
V 
IOH = -3.2 
mA 
Complementary) 
Vee-1.5 
V 
IOH = -7.0 
mA 


III 
Input Leakage Current (Std. Inputs) 
±10 
p.A 
VSS < VIN < Vee 


ILl1 
Input Leakage Current (Port 0) 
±3 
p.A 
Vss < VIN < VREF 


IlL 
Logical 0 Input Current 
-70 
p.A 
VIN = 0.45V(1) 


Symbol 
Parameter 
Mln 
Typ 
Max 
Units 
Test Conditions 


VOH1 
SLPINT (P5.4) and HLDA (P2.6) 
2.0 
V 
IOH = 0.8 mA(7) 
Output High Voltage in RESET 


VOH2 
Output High Voltage in RESET 
Vcc-1V 
V 
IOH = -6,...A(1) 


Cs 
Pin Capacitance (Any pin to VSS) 
10 
pF 
ftest = 1.0 MHz(6) 


Rwpu 
Weak Pullup Resistance 
150K 
n 
(Note 6) 


NOTES: 
• 
1. All SD (bidirectional) pins except INST and GLKOUT. INST and GLKOUT are excluded due to their not being weakly 
I 
pulled high in reset. SD pins include Port1, Port2, Port3, Port4, Port5 and Port6 except SPLINT (P5.4) and HLDA (P2.6). 
2. Standard input pins include XTAL1, EA, RESET, and Port 1/2/5/6 
when setup as inputs. 
3. All bidirectional I/O pins when configured as Outputs (Push/Pull). 
4. Device is static and should operate below 1 Hz, but only tested down to 4 MHz. 
5. Maximum IOL/IOHcurrents per pin will be characterized and published at a later date. 
6. Typicals are based on limited number of samples and are not guaranteed. The values listed are at room temperature and 
VREF = Vcc = 5.0V. 


7. Violating these specifications in reset may cause the device to enter test modes (P5.4 and P2.6). 
B. When POis used as analog inputs, refer to AID specifications for this characteristic. 
9. For temperatures < 1000G typical is 10 ".A. 


Mode 1 is the long R/W mode. This mode advances 
RD and WR signals by 1 Tose creating 
a 2 TaSG RD/WR 
low time. ALE is also advanced 
by 0.5 TaSG but ALE high time remains 
1 Tase. 


Mode 2 is the long R/W 
mode with Early Address. 
Mode 2 is similar to Mode 1 with respect 
to RD, WR, and 
ALE signals. 
Additionally, 
the address 
is output 
on the bus 0.5 Tase earlier in the bus cycle. 


BData 
Drive 


Each symbol 
is two pairs of letters 
prefixed 
by "T" 
for time. The characters 
in a pair indicate 
a signal 
and 
its condition, 
respectively. 
Symbols 
represent 
the time between 
the two signal/condition 
points. 


H-High 
L-Low 
V-Valid 
X-No 
Longer 
Valid 
Z-Floating 


"olII1~llal::t. 
A-Address 
B-BHE 
BR-BREQ 
C-CLKOUT 
D-DATA 


G-Buswidth 
H-HOLD 


HA-HLDA 
L-ALE/ADV 
Q-DataOut 
RD-RD 


W-WR/WRH/WRI 
X-XTAL1 
Y-READY 


BUS MODE 0 AND 3 AC CHARACTERISTICS (Over Specified 
Operating 
Conditions) 
Test Conditions: 
Capacitance 
Load on All Pins = 100 pF, Rise and Fall Times = 10 ns. 


Symbol 
Parameter 
Mln 
Max 
Units 


TAVYV 
Address 
Valid to Ready Setup 
2 Tosc 
- 
75 
ns(3) 


hLYV 
ALE Low to READY Setup 
Tosc 
- 
70 
ns(3) 


TYLYH 
Non READY Time 
No Upper Limit 
ns 


TCLYX 
READY Hold after CLKOUT 
Low 
0 
Tosc 
- 
30 
ns(1) 


TAVGV 
Address 
Valid to BUSWIDTH 
Setup 
2 Tosc 
- 
75 
ns(2,3) 


TLLGV 
ALE Low to BUSWIDTH 
Setup 
Tosc 
- 
60 
ns(2,3) 


TCLGX 
BUSWIDTH 
Hold after CLKOUT 
Low 
0 
ns 


TAVDV 
Address 
Valid to Input Data Valid 
3 Tosc 
- 
55 
ns(2) 


TRLDV 
RD active to input Data Valid 
Tosc 
- 
30 
ns(2) 


TCLDV 
CLKOUT 
Low to Input Data Valid 
Tosc 
- 
60 
ns 


TRHDZ 
End of RD to Input Data Float 
Tosc 
ns 


TRHDX 
Data Hold after RD High 
0 
ns 


NOTES: 
1. If Max is exceeded, additional wait states will occur. 
2. If wait states are used, add 2 Tosc x n, where n = number of wait states. 
3. If mode 0 is selected, one wait state minimum is always added. If additional wait states are required, add 2 Tosc to the 
specification. 
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BUS MODE 0 AND 3 AC CHARACTERISTICS (Over Specified 
Operating 
Conditions) 
(Continued) 
Test Conditions: 
Capacitance 
Load on All Pins = 100 pF, Rise and Fall Times = 10 ns. 


Symbol 
Parameter 
Mln 
Max 
Units 


FXTAL 
Frequency 
on XTAL 1 
4.0 
16.0 
MHz(l) 


TOSC 
XTAL 1 Period (1/ FXTAll 
62.5 
250 
ns 


TXHCH 
XTAL 1 High to CLKOUT 
High or Low 
+20 
110 
ns 


TOFD 
Clock Failure to Reset Pulled Low(6) 
4 
40 
JLs 


TCLCL 
CLKOUT 
Period 
2 Tosc 
ns 


TCHCL 
CLKOUT 
High Period 
Tosc 
- 
10 
Tosc 
+ 30 
ns 


TCLLH 
CLKOUT 
Low to ALE/ ADV High 
-10 
+15 
ns 


TLLCH 
ALE/ ADV Low to CLKOUT 
High 
-25 
+15 
ns 


TLHLH 
ALE/ ADV Cycle Time 
4 Tosc 
ns(5) 


TLHLL 
ALE/ ADV High Time 
Tosc 
- 
10 
Tosc 
+ 10 
ns 


TAVLL 
Address 
Valid to ALE Low 
Tosc 
- 
15 
ns 


TLLAX 
Address 
Hold After ALE/ ADV Low 
Tosc 
- 
40 
ns 


TLLRL 
ALE/ ADV Low to RD Low 
Tosc 
- 
40 
ns 


TRLCL 
RD Low to CLKOUT 
Low 
+4 
+35 
ns 


TRLRH 
RD Low Period 
Tosc 
- 
5 
ns(5) 


TRHLH 
RD High to ALE/ ADV High 
Tosc 
Tosc 
+ 25 
ns(3) 


TRLAZ 
RD Low to Address 
Float 
+5 
ns 


TLLWL 
ALE/ ADV Low to WR Low 
Tosc 
- 
10 
ns 


TCLWL 
CLKOUT 
Low to WR Low 
-10 
+25 
ns 


TQVWH 
Data Valid before WR High 
Tosc 
- 
23 
ns 


TCHWH 
CLKOUT 
High to WR High 
-10 
+15 
ns 


TWLWH 
WR Low Period 
Tosc 
- 
30 
ns(5) 


TWHQX 
Data Hold after WR High 
Tosc 
- 
30 
ns 


TWHLH 
WR High to ALE/ ADV High 
Tosc 
- 
10 
Tosc 
+ 
15 
ns(3) 


TWHBX 
SHE, INST Hold after WR High 
Tosc 
- 
10 
ns 


TWHAX 
AD8-15 
Hold after WR High 
Tosc 
- 
30 
ns(4) 


TRHBX 
SHE, INST Hold after RD High 
Tosc 
- 
10 
ns 


TRHAX 
AD8-15 
Hold after RD High 
Tosc 
- 
30 
ns(4) 


NOTES: 
1. Testing performed at 4.0 MHz, however, the device is static by design and will typically operate below 1 Hz. 
2. Typical specifications. not guaranteed. 
3. Assuming back-to-back bus cycles. 
4. 8-bit bus only. 
5. If wait states are used, add 2 Tosc x n, where n = number of wait states. If mode 0 (1 automatic wait state added) 
operation is selected, add 2 TOSC to specification. 
6. TOFD is the time for the oscillator fail detect circuit (OFD) to react to a clock failure. The OFD circuitry is enabled by 
programming the UPROM location 0778H with the value 0004H. KT customer QROM codes need to equate location 2016H 
to the value OCDEHif the oscillator fail detect (OFD) function is desired. Intel manufacturing uses location 2016H as a flag 
to determine whether or not to program the Clock Detect Enable (CDE) bit. Programming the CDE bit enables oscillator fail 
detection. 
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BUS MODE 
1-AC 
CHARACTERISTICS 
(Over Specified 
Operating 
Conditions) 
Test Conditions: 
Capacitance 
Load on All Pins = 100 pF, Rise and Fall Times = 10 ns. 


Symbol 
Parameter 
Min 
Max 
Units 


TAVYV 
Address 
Valid to Ready Setup 
2 Tosc 
- 75 
ns 


TLLYV 
ALE Low to READY Setup 
1.5 Tosc 
- 
70 
ns 


TYLYH 
Non READY Time 
No Upper Limit 
ns 


TCLYX 
READY Hold after CLKOUT 
Low 
0 
Tosc 
- 30 
ns(1) 


TAVGV 
Address 
Valid to BUSWIDTH 
Setup 
2 TOSC - 75 
nd 


TLLGV 
ALE Low to BUSWIDTH 
Setup 
T1.5 OSC - 60 
ns 


TCLGX 
BUSWIDTH 
Hold after CLKOUT 
Low 
0 
ns 


TAVDV 
Address 
Valid to Input Data Valid 
3 Tosc 
- 60 
ns(2) 


TRLDV 
RD Active to inJ)ut Data Valid 
Tosc 
- 
44 
ns(2) 


TCLDV 
CLKOUT 
Low to Input Data Valid 
Tosc 
- 60 
ns 


TRHDZ 
End of RD to Input Data Float 
Tosc 
ns 


TRHDX 
Data Hold after RD High 
0 
ns 


NOTES: 
1. If Max is exceeded, 
additional 
wait states 
will occur. 


2. If wait states 
are used, add 2 Tosc x n, where 
n = number 
of wait states. 
If mode 0 is selected, 
one wait state 
minimum 
is always 
added. 
If additional 
wait states 
are required, 
add 2 Tosc to the specification. 
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BUS MODE 1-AC 
CHARACTERISTICS 
(Over Specified 
Operating 
Conditions) 
Test Conditions: 
Capacitance 
Load on All Pins = 100 pF, Rise and Fall Times = 10 ns. 


Symbol 
Parameter 
Min 
Max 
Units 


FXTAL 
Frequency 
on XTAL 1 
4.0 
16.0 
MHz(1) 


Tosc 
XTAL1 Period (1/FxTALl 
62.5 
250 
ns 


TXHCH 
XTAL 1 High to CLKOUT 
High or Low 
+20 
ns 


TCLCL 
CLKOUT 
Period 
2 TosC 
ns 


TCHCL 
CLKOUT 
High Period 
TosC - 
10 
TOSC + 27 
ns 


TCHLH 
CLKOUT 
High to ALE/ ADV High 
0.5Tosc-15 
0.5 TosC 
+ 
15 
ns 


TCLLL 
CLKOUT 
Low to ALE/ ADV Low 
0.5 Tosc 
- 
25 
0.5 TOSC+15 
ns 


TLHLH 
ALE/ ADV Cycle Time 
4 Tosc 
ns(5) 


TLHLL 
ALE/ ADV High Time 
ToSC - 
10 
TOSC + 
10 
ns 


TAVLL 
Address 
Valid to ALE Low 
0.5 TOSC - 
15 
ns 


TLLAX 
Address 
Hold After ALE/ ADV Low 
0.5 Tosc 
- 
20 
ns 


TLLRL 
ALE/ ADV Low to RD Low 
0.5 TosC 
- 
15 
ns 


TRLCL 
RD Low to CLKOUT 
Low 
TOSC - 
10 
Tosc 
+30 
ns 


TRLRH 
RD Low Period 
2Tosc 
- 
20 
ns(5) 


TRHLH 
RD High to ALE/ ADV High 
0.5 ToSC 
0.5 TosC 
+ 25 
ns(3) 


TRLAZ 
RD Low to Address 
Float 
+5 
ns 


TLLWL 
ALE/ ADV Low to WR Low 
0.5 TosC 
- 
10 
ns 


TCLWL 
CLKOUT 
Low to WR Low 
Tosc 
- 
15 
Tosc 
+ 25 
ns 


TQVWH 
Data Valid before WR High 
2 Tosc 
- 
23 
ns 


TCHWH 
CLKOUT 
High to WR High 
-10 
+15 
ns 


TWLWH 
WR Low Period 
2 Tosc 
- 
15 
ns(5) 


TWHQX 
Data Hold after WR High 
0.5 Tosc 
- 
25 
ns 


TWHLH 
WR High to ALE/ ADV High 
0.5 Tosc 
- 
10 
0.5 Tosc 
+ 
10 
ns(3) 


TWHBX 
SHE Hold after WR High 
Tosc 
- 
15 
ns 


TWHIX 
INST Hold after WR High 
0.5 TOSC - 
15 


TWHAX 
AD8-15 
Hold after WR High 
0.5 Tosc 
- 
30 
ns(4) 


TRHBX 
SHE Hold after RD High 
Tosc 
- 
32 
ns 


TRHIX 
INST Hold after RD High 
0.5 Tosc 
- 
32 


TRHAX 
AD8-15 
Hold after RD High 
0.5 Tosc 
- 
30 
ns(4) 


NOTES: 
1. Testing 
performed 
at 8.0 MHz, however, 
the device 
is static 
by design 
and will typically 
operate 
below 
1 Hz. 


2. Typical 
specifications, 
not guaranteed. 
3. Assuming 
back-to-back 
bus cycles. 


4. 8-bit bus only. 
5. If wait 
states 
are used, 
add 2 TOSC x 
n, where 
n = number 
of wait states. 
If mode 
0 (1 automatic 
wait 
state 
added) 


operation 
is selected, 
add 2 TOSC to specification. 
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BUS MODE 2-AC 
CHARACTERISTICS 
(Over Specified 
Operating 
Conditions) 
Test Conditions: 
Capacitance 
Load on All Pins = 100 pF, Rise and Fall Times 
= 10 ns. 


Symbol 
Parameter 
Min 
Max 
Units 


TAVYV 
Address Valid to Ready Setup 
2.5 Tosc 
- 75 
ns 


TLLYV 
ALE Low to READY Setup 
1.5 Tosc 
- 70 
ns 


TYLYH 
Non READY Time 
No Upper Limit 
ns 


TCLYX 
READY Hold after CLKOUT 
Low 
0 
Tosc 
- 30 
ns(1) 


TAVGV 
Address 
Valid to BUSWIDTH 
Setup 
2.5 Tosc 
- 75 
ns 


TLLGV 
ALE Low to BUSWIDTH 
Setup 
T1.50SC 
- 60 
ns 


TCLGX 
BUSWIDTH 
Hold after CLKOUT 
Low 
0 
ns 


TAVDV 
Address 
Valid to Input Data Valid 
3.5 Tosc 
- 55 
ns(2) 


TRLDV 
RD Active to Input Data Valid 
2 Tosc 
- 
44 
ns(2) 


TCLDV 
CLKOUT 
Low to Input Data Valid 
Tosc 
- 60 
ns 


TRHDZ 
End of RD to Input Data Float 
0.5 TOSC 
ns 


TRHDX 
Data Hold after RD High 
0 
ns 


NOTES: 
1. If Max is exceeded, 
additional 
wait states 
will occur. 
2. If wait states 
are used, add 2 Tosc 
x 
n, where 
n = number 
of wait states. 
If mode 0 is selected, 
one wait state 
minimum 
is always 
added. 
If additional 
wait states 
are required, 
add 2 Tosc to the specification. 
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BUS MODE 2-AC 
CHARACTERISTICS (Over Specified 
Operating 
Conditions) 
Test Conditions: 
Capacitance 
Load on All Pins = 100 pF, Rise and Fall Times = 10 ns. 


Symbol 
Parameter 
Min 
Max 
Units 


FXTAL 
Frequency 
on XTAL 1 
8.0 
16.0 
MHz(1) 


Tosc 
XTAL 1 Period (1/FXTAJ 
62.5 
125 
ns 


TXHCH 
XTAL 1 High to CLKOUT 
High or Low 
+20 
+85 
ns 


TCLCL 
CLKOUT 
Period 
2 Tosc 
ns 


TCHCL 
CLKOUT 
High Period 
Tosc 
- 
10 
Tosc 
+ 27 
ns 


TCHLH 
CLKOUT 
High to ALE/ ADV High 
0.5 Tosc 
- 
15 
0.5 Tosc 
+ 
15 
ns 


TCLLL 
CLKOUT 
Low to ALE/ ADV Low 
0.5 Tosc-25 
0.5 Tosc+15 
ns 


TLHLH 
ALE/ ADV Cycle Time 
4 Tosc 
ns(5) 


TLHLL 
ALE/ ADV High Time 
Tosc 
- 
10 
Tosc 
+ 
10 
ns 


TAVLL 
Address 
Valid to ALE Low 
Tosc 
- 
15 
ns 


TLLAX 
Address 
Hold After ALE/ ADV Low 
0.5 Tosc 
- 
20 
ns 


TLLRL 
ALE/ ADV Low to RD Low 
0.5 Tosc 
- 
15 
ns 


TRLCL 
RD Low to CLKOUT 
Low 
Tosc 
- 
10 
Tosc 
+30 
ns 


TRLRH 
RD Low Period 
2Tosc 
- 
20 
ns(5) 


TRHLH 
RD High to ALE/ ADV High 
0.5 Tosc-5 
0.5 Tosc 
+ 25 
ns(3) 


TRLAZ 
RD Low to Address 
Float 
+5 
ns 


TLLWL 
ALE/ ADV Low to WR Low 
0.5 Tosc 
- 
10 
ns 


TCLWL 
CLKOUT 
Low to WR Low 
Tosc 
- 
22 
Tosc 
+ 25 
ns 


TQVWH 
Data Valid before WR High 
2 Tosc 
- 
25 
ns 


TCHWH 
CLKOUT 
High to WR High 
-10 
+15 
ns 


TWLWH 
WR Low Period 
2 Tosc 
- 
20 
ns(5) 


TWHQX 
Data Hold after WR High 
0.5 Tosc 
- 
25 
ns 


TWHLH 
WR High to ALE/ ADV High 
0.5 Tosc 
- 
10 
0.5 Tosc 
+ 10 
ns(3) 


TWHBX 
SHE Hold after WR High 
Tosc 
- 
15 
ns 


TWHIX 
INST Hold after WR High 
0.5 Tosc 
- 
15 


TWHAX 
AD8-15 
Hold after WR High 
0.5 Tosc 
- 
30 
ns(4) 


TRHBX 
SHE Hold after RD High 
Tosc 
- 
32 
ns 


TRHIX 
INST Hold after RD High 
0.5 Tosc 
- 
32 


TRHAX 
AD8-15 
Hold after RD High 
0.5 Tosc 
- 
30 
ns(4) 


NOTES: 
1. Testing performed at 8.0 MHz, however, the device is static by design and will typically operate below 1 Hz. 
2. Typical specifications, not guaranteed. 
3. Assuming back-to-back bus cycles. 
4. 8-bit bus only. 
5. If wait states are used, add 2 Tase x n, where n = number of wait states. If mode 0 (1 automatic wait state added) 
operation is selected, add 2 Tase to specification. 
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BUS MODE 0, 1, 2, and 3 HOLD/HOLDA 
TIMINGS 
(Over Specified 
Operation 
Conditions) 
Test Conditions: 
Capacitance 
Load on All Pins = 100pF, Rise and Fall Times 
= 10 ns. 


Symbol 
Parameter 
Mln 
Max 
Units 


THVCH 
HOLD Setup Time 
+65 
ns(1) 


TCLHAL 
CLKOUT 
Low to HLDA Low 
-15 
+15 
ns 


TCLBRL 
CLKOUT 
Low to SREQ Low 
-15 
+15 
ns 


TAZHAL 
HLDA Low to Address 
Float 
+25 
ns 


TBZHAL 
HLDA Low to SHE, INST, RD, WR Weakly 
Driven 
+25 
ns 


TCLHAH 
CLKOUT 
Low to HLDA High 
-25 
+15 
ns 


TCLBRH 
CLKOUT 
Low to SREQ High 
-25 
+25 
ns 


THAHAX 
HLDA High to Address 
No Longer Float 
-15 
ns 


THAHBV 
HLDA High to SHE, INST, RD, WR Valid 
-10 
ns 


NOTE: 
1. To guarantee 
recognition 
at next clock. 
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Symbol 
Parameter 
Min 
Max 
Units 


TSAVWL 
Address 
Valid to WR Low 
50 
ns 


TSRHAV 
RD High to Address 
Valid 
60 
ns 


TSRLRH 
RD Low Period 
Tosc 
ns 


TSWLWH 
WR Low Period 
Tosc 
ns 


TSRLDV 
RD Low to Output Data Valid 
60 
ns 


TSDVWH 
Input Data Setup to WR High 
20 
ns 


TSWHQX 
WR High to Data Invalid 
30 
ns 


TSRHDZ 
RD High to Data Float 
15 
ns 


NOTES: 
1. Test Conditions: 
Fose = 16 MHz, Tose 
= 60 ns. Rise/Fall 
Time = 10 ns. Capacitive 
Pin Load = 100 pF. 


2. These 
values 
are not tested 
in production, 
and are based 
upon theoretical 
estimates 
and/or 
laboratory 
tests. 


3. Specifications 
above 
are advanced 
information 
and are subject 
to change. 
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Symbol 
Parameter 
Min 
Max 
Units 


TSELLL 
CS Low to ALE Low 
20 
ns 


TSRHEH 
AD or WA High to CS High 
60 
ns 


TSLLRL 
ALE Low to AD Low 
ToSC 
ns 


TSRLRH 
AD Low Period 
Tosc 
ns 


TSWLWH 
WA Low Period 
Tosc 
ns 


TSAVLL 
Address 
Valid to ALE Low 
20 
ns 


TSLLAX 
ALE Low to Address 
Invalid 
20 
ns 


TSRLDV 
AD Low to Output Data Valid 
60 
ns 


TSDVWH 
Input Data Setup to WAHigh 
20 
ns 


TSWHQX 
WA High to Data Invalid 
30 
ns 


TSRHDZ 
AD High to Data Float 
15 
ns 


NOTES: 
1. Test Conditions: Fosc = 16 MHz, Tosc = 60 ns. Rise/Fall Time = 10 ns. Capacitive Pin Load = 100 pF. 
2. These values are not tested in production, and are based upon theoretical estimates and/or laboratory tests. 
3. Specifications above are advanced information and are subject to change. 
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Symbol 
Parameter 
Min 
Max 
Units 


1/TxLXL 
Oscillator 
Frequency 
4 
16 
MHz 


TXLXL 
Oscillator 
Period (Toscl 
62.5 
250 
ns 


TXHXX 
High Time 
0.35 x Tose 
0.65 Tose 
ns 


TXLXX 
Low Time 
0.35 x Tose 
0.65 Tose 
ns 


TXLXH 
Rise Time 
10 
ns 


TXHXL 
Fall Time 
10 
ns 
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OUTPUTS 


3. 


5V=xE 


2.0V 
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O.45V 
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For timing purposes a Port Pin is no longer floating 
when a 150 mV change from load voltage occurs and 
begins to float when a 150 mV change from the loading 
VOI-\IVOLlevel occurs IOLIIOI-\,;; 15 mA. 
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Ae Testing inputs are driven at 3.5V for a logic "1" and 
0.45V for a logic "0", Timing measurements are made 
at 2.0V for a logic "1" and 0.8V for logic "0". 
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SERIAL PORT TIMING-SHIFTING 
REGISTER MODE 
Test Conditions: 
TA = -40·C 
to + 125·C; Vcc 
= 5.0V ± 10%; Vss = O.OV; Load Capacitance 
= pF 


Symbol 
Parameter 
Min 
Max 
Units 


TXLXL 
Serial Port Clock Period 
8 Tosc 
ns 


TXLXH 
Serial Port Clock Falling Edge to Rising Edge 
4 Tosc 
- 
50 
Tosc + 50 
ns 


TQVXH 
Output Data Setup to Clock Rising Edge 
3 Tosc 
ns 


TXHQX 
Output Data Hold after Clock Rising Edge 
2 Tosc 
- 
50 
ns 


TXHQV 
Next Output Data Valid after Clock Rising Edge 
2 Tosc + 50 
ns 


TOVXH 
Input Data Setup to Clock Rising Edge 
2 Tosc + 200 
ns 


TXHOX(1) 
Input Data Hold after Clock Rising Edge 
0 
ns 


TXHQZ(1) 
Last Clock Rising to Output Float 
5 Tosc 
ns 


NOTE: 
1. Parameters 
not tested. 
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A TO 0 CHARACTERISTICS 
The AID 
converter 
is ratiometric, 
so absolute 
accuracy 
is dependent 
on the accuracy 
and stability 
of VREF. 


Symbol 
Description 
Min 
Max 
Units 


TA 
Ambient 
Temperature 
0 
+70 
·C 


VCC 
Digital Supply Voltage 
4.50 
5.50 
V 


VREF 
Analog Supply Voltage 
4.50 
5.50 
V(1) 


TSAM 
Sample Time 
1.0 
/Ls(2) 


TCONV 
Conversion 
Time 
10 
15 
/Ls(2) 


Fosc 
Oscillator 
Frequency 
4.0 
16.0 
MHz 


NOTES: 
1. VREFmust be within O.SVof Vcc. 
2. The value of AD_TIME is selected to meet these specifications. 


Parameter 
Typ'(1) 
Min 
Max 
Units' 


Resolution 
1024 
1024 
Level 
10 
10 
Bits 


Absolute 
Error 
0 
±3.0 
LSBs 


Full Scale Error 
0.25 ±0.5 
LSBs 


Zero Offset Error 
0.25 ±0.5 
LSBs 


Non-Linearity 
1.0 ±2.0 
±3.0 
LSBs 


Differential 
Non-Linearity 
-0.75 
+0.75 
LSBs 


Channel-to-Channel 
Matching 
±0.1 
0 
±1.0 
LSBs 


Repeatability 
±0.25 
0 
LSBs(1) 


Temperature 
Coefficients: 
Offset 
0.009 
LSB/C(1) 


Full Scale 
0.009 
LSB/C(1) 


Differential 
Non-Linearity 
0.009 
LSB/C(1) 


Off Isolation 
-60 
dB(1,2,3) 


Feedthrough 
-60 
dB(1,2) 


VCC Power Supply Rejection 
-60 
dB(1,2) 


Input Resistance 
750 
1.2K 
n(4) 


DC Input Leakage 
±1.0 
0 
±3.0 
/LA 


Voltage 
on Analog Input Pin 
ANGND 
- 0.5 
VREF + 0.5 
VIS) 


Sampling 
Capacitor 
3.0 
pF 


NOTES: 
1. These values are expected for most parts at 25°C, but are not tested or guaranteed. 
2. DC to 100 KHz. 
3. Multiplexer break-before-make is guaranteed. 
4. Resistance from device pin, through internal MUX, to sample capacitor. 
5. Applying voltages beyond these specifications will degrade the accuracy of other channels being converted. 
6. All conversions performed with processor in IDLE mode. 
10-58 


Symbol 
Description 
Min 
Max 
Units 


TA 
Ambient 
Temperature 
0 
+70 
·C 


VCC 
Digital Supply Voltage 
4.50 
5.50 
V 


VREF 
Analog Supply Voltage 
4.50 
5.50 
V(1) 


TSAM 
Sample Time 
1.0 
/Ls(2) 


TCONV 
Conversion 
Time 
7 
20 
/Ls(2) 


Fosc 
Oscillator 
Frequency 
4.0 
16.0 
MHz 


NOTES: 
1. VREFmust be within 0.5Vof VCC' 
2. The value of AD_TIME is selected to meet these specifications. 


Parameter 
Typ'(1) 
Min 
Max 
Units' 


Resolution 
256 
256 
Level 
8 
8 
Bits 


Absolute 
Error 
0 
± 1.0 
LSBs 


Full Scale Error 
±0.5 
LSBs 


Zero Offset Error 
±0.5 
LSBs 


Non-Linearity 
0 
± 1.0 
LSBs 


Differential 
Non-Linearity 
-0.5 
+0.5 
LSBs 


Channel-to-Channel 
Matching 
0 
± 1.0 
LSBs 


Repeatability 
±0.25 
0 
LSBs(1) 


Temperature 
Coefficients: 


Offset 
0.003 
LSB/C(1) 


Full Scale 
0.003 
LSB/C(1) 


Differential 
Non-Linearity 
0.003 
LSB/C(1) 


Off Isolation 
-60 
dB(1,2,3) 


Feedthrough 
-60 
dB(1,2) 


VCC Power Supply Rejection 
-60 
dB(1,2) 


Input Resistance 
750 
1.2K 
.0(4) 


DC Input Leakage 
± 1.0 
0 
±3.0 
/LA 


Voltage 
on Analog 
Input Pin 
ANGND 
- 0.5 
VREF + 0.5 
V(5) 


Sampling 
Capacitor 
3.0 
pF 


'An "LSS" as used here has a value of approximately 20 mY. 


NOTES: 
1. These values are expected for most parts at 2S"C, but are not tested or guaranteed. 
2. DC to 100 KHz. 
3. Multiplexer break-before-make is guaranteed. 
4. Resistance from device pin, through internal MUX, to sample capacitor. 
5. Applying voltage beyond these specifications will degrade the accuracy of other channels being converted. 
6. All conversions performed with processor in IDLE mode. 


II 


Symbol 
Description 
Min 
Max 
Units 


TA 
Ambient 
Temperature 
during Programming 
20 
30 
°C 


Vee 
Supply Voltage during Programming 
4.5 
5.5 
V(1) 


VREF 
Reference 
Supply Voltage during Programming 
4.5 
5.5 
V(1) 


Vpp 
Programming 
Voltage 
12.25 
12.75 
V(2) 


'lEA 
EA Pin Voltage 
12.25 
12.75 
V(2) 


Fose 
Oscillator 
Frequency 
during Auto 
6.0 
8.0 
MHz 
and Slave Mode Programming 


Fose 
Oscillator 
Frequency 
during 
6.0 
16.0 
MHz 
Run-Time 
Programming 


NOTES: 
1. Vcc and VREFshould nominally be at the same voltage during programming. 
2. Vpp and VEAmust never exceed the maximum specification, or the device may be damaged. 
3. Vss and ANGND should nominally be at the same potential (OV). 
4. Load capacitance during Auto and Slave Mode programming = 150 pF. 


Symbol 
Parameter 
Min 
Max 
Units 


TAVLL 
Address 
Setup Time 
0 
Tose 


TLLAX 
Address 
Hold Time 
100 
Tose 


TDVPL 
Data Setup Time 
0 
Tose 


TpLDX 
Data Hold Time 
400 
Tose 


TLLLH 
PALE Pulse Width 
50 
Tose 


TpLPH 
PROG Pulse Width(2) 
50 
Tose 


TLHPL 
PALE High to PROG Low 
220 
Tose 


TpHLL 
PROG High to next PALE Low 
220 
Tose 


TpHDX 
Word Dump Hold Time 
50 
Tose 


TpHPL 
PROG High to nex1 PROG Low 
220 
Tose 


TLHPL 
PALE High to PROG Low 
220 
Tose 


TpLDV 
PROG Low to Word Dump Valid 
50 
Tose 


TSHLL 
RESET High to First PALE Low 
1100 
Tose 


TpHIL 
PROG High to AINC Low 
0 
Tose 


TILIH 
AINC Pulse Width 
240 
Tose 


TILVH 
PVER Hold after AINC Low 
50 
Tose 


TILPL 
AINC Low to PROG Low 
170 
Tose 


TpHVL 
PROG High to PVER Valid 
220 
Tose 


NOTES: 
1. Run-time programming is done with Fosc = 6.0 MHz to 10.0 MHz, Vcc, VPD,VREF= 5V ±0.5V, Tc = 25°e ±5°e and 
Vpp = 12.5V ±0.25V. For run-time programming over a full operating range, contact factory. 
2. Programming specifications are not tested, but guaranteed by design. 
3. This specification is for the word dump mode. For programming pulses use Modified Quick Pulse Algorithm. 


DC EPROM 
PROGRAMMING 
CHARACTERISTICS 
Symbol 
Parameter 


Ipp 
Vpp Programming 
Supply Current 


Max 


200 


NOTE: 
Don not apply 
Vpp until Vcc 
is stable 
and within 
specifications 
and the oscillator/clock 
has stabilized 
or the device 
may be 
damaged. 


Units 


mA 


NOTE: 
P3.0 must be HIGH ("1 ") 


-CT 
SHLL 


NOTE: 
P3.0 must be LOW ("0") 


• 


---- 
__ ( 
ADDRESS/COt-tMAND 
) •• --- 
__< 
DATA 
) •• -------- 
__< 
DATA 
) •• --- 


The following 
is a list of all known 
functional 
devia- 


tions for 8XC196KT 
devices. 
C-step devices 
can be 
identified 
by a special 
mark following 
the eight digit 
FPO number 
on the top of the package. 
For C-step 
devices, 
this mark is a "C". 


1. The following 
reserved 
op-codes 
do not generate 
the unimplemented 
op-code 
interrupt: 
1Ch, 1Dh, 
1Eh, 1Fh, E3h, E4h, E6h, E8h, E9h, EAh, EBh and 
F1h. 
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The 8XCI96NT can address I Mbyte of linear address 
space which is beyond the standard MCS@-9664 Kbyte 
address space. Many applications require much memo- 
ry whether it be from large code sizes due to high level 
language compilation or from large data tables. The 
standard MCS-96 family member has 16 address lines 
which allow linear access to 64 Kbytes of address 
space. To accommodate a growing need for address 
space the 8XCI96NT 
was designed with 20 external 
address lines. The 8XCI96NT is an upgrade from the 
standard MCS-96 family member. There are many sim- 
ilarities and a few differences that must be noted. The 
same peripheral set exists on the 8XCl96NT as on the 
8XCI96KR. 
The peripherals on the 8XCl96NT 
and 
the 8XCl96KR 
are more advanced than the peripher- 
als on the 8X96BH, 
8XCI96KB, 
8XCl96KC 
and 
8XCI96KD. 
The instruction set is a superset of the 
MCS-96 family containing special extended addressing 
instructions. The bus controller on the 8XCI96NT has 


intel~ 


new modes which allow for slower memories to be uti- 
lized resulting in cost savings. An extended address 
port (EPORT) adds 4 more address lines to the exter- 
nal bus. The EPORT can also be used as an I/O port if 
the extended address lines are not needed. 


The architecture for the 8XCI96NT is consistent with 
the previous members (see Figure 2-1). The program 
counter has been extended to 24 bits to accommodate 
the extended addressing capabilities. The ALU is tied 
directly to the register RAM which creates a register- 
register architecture. The 8XCl96NT has 1000 bytes of 
register RAM. 
Hence, one thousand 
accumulators 


(each a byte wide) are possible. This many accumula- 
tors minimizes the number of load/store 
operations. 


Notice that there are 32 Kbytes of on-chip (EP)ROM 
available and 512 bytes of internal RAM. The internal 
RAM can be used just like external RAM to execute 
code or hold data. 


32K 
ON-CHIP 
ROlol/EPROlol 
(OPTIONAL) 


PORT 5 
CONTROL 
SIGNALS 


The peripheral set on the 8XCI96NT includes the fol- 
lowing: 


• Serial Port (3 asynchronous modes, I synchronous 
mode) 


• SSIO (Synchronous Serial I/O Port with bi-direc- 
tional clocking with two separate data and two sepa- 
rate clock channels) 


• Slave Port 
• EPA (Event Processor Array-high 
speed input 
capture and output compare) 10 channels 


• PTS (Peripheral 
Transaction 
Server-microcoded 
interrupt service routine) 
• AID converter (4 channel 8/10 bit resolution with 
programmable sample and convert times) 


BUSWIDTH/PS.7 


AD19/EP.3 


AD18/EP.2 


AD17/EP.1 


AD16/EP.O 


ADIS/P •. 7 


ADU/P 
•. 6 


AD13/P •. S 


AD12/P •.• 


AD11/P •. 3 


AD10/P •. 2 


AD9/P •. 1 


AD8/P •. O 


AD7/P3.7 


AD6/P3.6 


ADS/P3.S 


AD./P3 
.• 


• Two 16-bit timers 
• Watchdog Timer 
• Dedicated 15-bit Baud Rate Generator 
• Extended Address Port (EPORT) 


For more information on the peripherals consult the 
8XCI96NT or 8XCI96KX user's guides. The next sec- 
tions go into more detail on how to use the EPORT, the 
memory map and the bus controller 
improvements 
which allow for greater flexibility in choosing memo- • 
ries. Also, code examples are given where needed as 
well as memory interface diagrams. 
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PL3/EPA3 


Pl .• /EPA. 


PLS/EPAS 


PL6/EPA6 


PL7/EPA7 


VREF 
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PO.7/Pt.40DE.3/ ACH7 


PO.6/Pt.40DL2/ 
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PO.S/PMODL 1/ ACHS 


PO.• /PMODLO/ ACH. 


There are a few new instructions for accessing the 
I Mbyte address space. They are listed below and ex- 
plained in detail in the following pages. When execut- 
ing in 24-bit mode, instructions which push or pop the 
PC onto the stack will decrement or increment the 
stack pointer by four. These instructions include 
LCALL, SCALL, and RET. RET is explained in the 
new instruction section. 


New Instructions: 


EBMOVI-Interruptable 
Extended Block Move 
EBR-Extended 
Branch, Indexed 
ECALL-Extended 
Subroutine Call 
EJMP-Extended 
Jump 
ELDIELDB-Extended 
Load Word/Byte, Indexed 
or Indirect 
EST/ESTB-Extended 
Store Word/Byte, Indexed 
or Indirect 
RET-24-Bit 
Mode Return from Subroutine 


3.1 ELD/ELDB-Extended Load 
Word/Byte 


Operation: 
The wordlbyte contents of the source-indirect, 
indi- 
rect auto-increment, or index addressed-are 
copied 
into the register indicated by the destination. The 
source is located at a 24-bit address. 


rseg 
at 
lCH 
A: 
dsb 
1 
B: 
dsw 
2 


cseg at 
OFF2080h 


ld 
B.#OlFE6h 
ldbze 
B+2.#OOh 
eldb 
A. [B] 


Assembly Language: 


DST 
SRe 
ELD wreg. waopi 
where: 
wreg 
= a word register in the internal register file. 


waopi 
a word operand 24-bit indirect or indexed 
addressed. Even address boundary, so LSB 
= 0 if indirect and LSB = 
I if indirect 


auto-increment. 


Object Code Format: 
Instruction 
-> Object 
code format 
ELD wreg. 
[wiop] 
-> 
[E8] [wiop 0] [wreg] 
ELD wreg. 
[wiop]+ 
-> 
[E8] [wiop 1] [wreg] 
ELD wreg, xx[wiop] 
-> 
[E9] [wiop] [xx] [wreg] 
ELDBbreg. 
[biop] 
-> 
[EA][biop 0] [breg] 
ELDBbreg. 
[biop]+ 
-> 
[EA][biop 
1] [breg] 
ELDBbreg. 
xx[biop] 
-> 
[EB][biop] [xx] [breg] 


load low word of B with low word of 24-bit 
address 
load high word of B with highest 
byte 
of 24-bit 
address 
(A) <= (OOlFE6h). which reads 
EP_PIN register 


3.2 
EST/ESTB-Extended 
Store 
Word/Byte 


The wordlbyte contents of the source-indirect, 
indi- 


rect auto-increment·, 
or index addressed-are 
copied 


into the register indicated by the destination. The 
source is located at a 24-bit address. 


Assembly Language: 


SHe 
DST 


EST wreg, 
wiop 


where: 
wreg 
= a word register in the internal register file 


wiop = a word operand 24-bit indirect or indexed 


addressed modes. Even address boundary, 
so LSB = 0 for indirect and LSB = I for 
indirect auto-increment. 


Example: 


rseg 
at 
lCH 


A: 
dsb 
1 


B: 
dsw 
2 


cseg 
at 
OFF2080h 


ldb 
A.#055h 


ld 
B.#OlFFCh 


ldbze 
B+2.#OOh 


estb 
A, [B) 


Object Code Format: 


Inst.ruot.lon 


1ST 
wres. 
[wlop] 


1ST 
wres. 
xx[wlop] 


1ST 
wres. 
xx[wlop]+ 


ISTB 
bres. 
[blop] 


ISTB 
bres. 
[blop]+ 


ESTB 
bres. 
xx[blop] 


-> 
Object 
code 
format 


-> 
[lC] [wlop] [wreg] 


-> 
[lD] [wlop 0] [xx] [wreg] 


-> 
[lD] [wlop 
l][xx][wreg] 


-> 
[lE] [blop 
0] [breg] 


-> 
[lE] [blop 
l][breg] 


-> 
[IF] [blop] [xx] [breg] 


load 
A with 
value 


load 
low 
word 
or 
B with 
low 
word 
or 
extended 
address 


load 
high 
word 
ot B with 
highest 
byte 
ot extended 
address 


(OOlFFCh) 
<= 055h. 
whloh 
wrlt.es 
t.o P3_RlG. 
a location 


unavailable 
wlt.h wlndowlng 
or 
wit.h 'stb' 
It 
IP_REG 
not 


set 
to 
OOh 


• 


Execution continues at the extended address specified 
in the operand register. 


rseg 
at lCH 


B: 
dsw 
2 


ld 
B,#2080h 


ldbze 
B+2, #OOh 


Assembly Language: 
EBR 
[dwreg] 
where: 
dwreg = double word register containing 24-bit ad- 
dress of the branch location 


Object Code Format: 


[E3] [dwreg] 


3.4 
EBMOVI-Interruptable 
Extended 
Block Move 


This instruction is used to move a block of word data 
from one location in extended memory to another and 
is interruptable. The source and destination registers 
are calculated using the indirect auto-increment ad- 
dressing modes. A long register addresses the source 
and destination pointers which are stored in adjacent 


Example: 


rseg 
at lCH 


ptrs: 
dsl 
2 


count: 
dsw 
1 


ld 
count,#lOOOh 


ld 
ptrs,#4000h 


ld 
ptrs+2,#OOO3h 


ld 
ptrs+4,#3000h 


ld 
ptrs+6,#OOO5h 


ebmovi 
ptrs,count 


double word registers. The number of transfers is 
specified in the word register. The blocks of data can 
reside anywhere in memory, but should not overlap. 


Assembly Language: 
BMOVI 
qwreg,wreg 
where: 
qwreg = a quad-word register 


Object Code Format: 
[E4] [wreg] [dLreg] 


; moves 
lOOOh 
words 
of data 
from 
034000h 
through 


;035000h 
to 053000h 
through 
054000h 


The contents of the program counter (the return ad- 
dress) are pushed onto the stack". Then the distance 
from the end of the instruction to the target label is 
added to the program counter, effecting the call. The 
offset from the end of the instruction to the call must 
be in the range of - 8,388,608 to + 8,388,607 inclu- 
sive, which is a 24-bit offset. 


Assembly Language: 
ECALL 
label 


Object Code Format: 


[FI] [24-bit 
offset] 


NOTE: 


"The PC is pushed onto the stack as 4 bytes or 
32-bits. 


Assembly Language: 


RET 


NOTE: 
Since 32-bits were pushetl onto the stack at call of 
subroutine, 
32-bits are popped. Therefore, 
RET 
in 


24-bit mode will execute the following: 
PC <= SP 
SP = SP+4 


The distance from the end of this instruction to the 
target label is added to the program counter, effecting 
the jump. The operand may be any address in the 
entire address space. 


Assembly Language: 


EJMP 
cadd 


Object Code Format: 


[E6] [24-bit 
displacement] 


4.1 
EPORT Gives 20·Bit External 
Address 


The main feature of the 8XCI96NT 
is its ability to 


address 
I 
Mbyte 
of 
external 
memory 
plus 
over 


32 Kbytes of internal memory on the device. This is 
accomplished using the extended address port, which is 
the EPORT. The EPORT can be configured as four 
additional address lines. Therefore, operating the device 
in 24-bit mode, external memory is accessed with aII 
20·bit address 
(pins: EP.3 ~ 
EP.O and ADI5 ~ 
ADO). The memory map in Figure 5-4 shows the ad· 
dress range accessible using the 20-bit external memory 
address. The EPORT replaces four of the AID chan- 
nels, therefore the 8XC196NT has only four remaining 
A/D channels. The pin diagram of the 8XCI96NT 68- 
pin PLCC is shown in Figure 2-2. 


4.2 
EPORT is Address Lines or 1/0 
Pins 


The EPORT can be used as either additional address 
lines or I/O pins. In addition, the port can function as 
any combination of additional address lines or I/O 
pins. For example, two of the EPORT pins can be used 
as address lines for two additional address bits and the 
other lines for two additional I/O pins. The user must 
be aware that this configuration as address or I/O can 
be changed during normal execution using the EPORT 
control registers. Therefore, caution should be used 
when changing the control registers of the EPORT. 


The function, direction, and data of the EPORT are 
controlled by four special function registers (SFRs) 
which are: EP~ODE 
(lFElh), 
EP-DIR (lFE3h), 


EP _REG 
(lFE5h), and EP -PIN 
(lFE7h). Table 4-1 
shows the SFR control of the pins. 


Pull-Up 
Pull-Down 
Pin 
EP_Mode 
EP_Dlr 
EP_Reg 
Function 


x 
0 
0 
Off 
On 
Output 0 


x 
0 
1 
On 
Off 
Output 
1 


x 
1 
0 
Off 
On 
Open-Drain 
0 


x 
1 
1 
Off 
Off 
Open-Drain 
1 


(Input) 


The EP-MODE 
register determines the function of 
the EPORT pins. This register is written as a byte. 
Each bit of the EP_MODE 
indicates whether the pin 
will be a I/O port pin (EP_MODE. x = 0) or an ad- 
dress line pin (EP_MODE. x = I). 


The EP_DIR 
register indicates whether the pin will 
be an input or open-drain output (EP_DIR.x 
= I) or 
a complementary output (EP_DIR.x 
= 0). This regis- 
ter is written as a byte. 


The EP_REG 
register can be used in two different 
ways. If the pin is configured as an I/O 
pin, the 
EP_REG 
is written with the data to be placed on the 


pin. If the pin is configured as an address line, the 
EP_REG 
will supply the extended address on the 
EPORT when a 16-bitinstruction is executed in 24-bit 
mode. It should be noted that, although the EP_REG 
is an 8-bit register, only the lower 4-bits can place data 
onto the pins while all 8-bits can place an extended 
address onto the internal extended address bus. This 
register is written as a byte. If EP_MODE 
has config- 
ured the pins as standard I/O, the value written to the 
EP_REG 
will appear immediately on the pins. 


For example see code 4-1, if the contents of the 
EP_REG 
= OFFh and a 16-bitinstruction is used, the 
16-bit address is concatenated to the contents of the 
EP_REG 
to form the 24-bit address. 


But extended address instructions will drive the extend- 
ed address specifiedin the instruction and the EPORT 
pins will hold these values throughout the bus cycle. 


Ax 
EQU 
lCh 


STB 
Ax,lFFEh 
; if EP_REG 
= OFFh 
(reset value 
of register) 
and 
device 
in 24-bit 
mode 


OFF1FFEh 
<= contents 
of lCh 


4.3.4 
EP_PIN 
REGISTER 


The EP JIN 
register contains the data that is cur- 
rently on the port pins. This register is read as a byte. 


When the EPORT SFRS are to be used as address 
lines, they should be initialized in the following order: 


1. Write to the EP_REG 


- 
since output address line, write the expected 
value. 
2. Write to the EP_DIR 
- 
0 for complementary output (without exter- 
nal pull-up) 


- 
I for open-drain output. 
3. Write 
to 
the 
EP_MODE 
(write 
FFh 
since 
EPORT used for address lines). 


The EPORT 
registers reset to the following values: 
EP_MODE 
= OFFh, EP_DIR 
= OFFh, EP_REG 
= OFFh, EP_PIN 
= xxh, and the EPORT pins are 
tri-stated after reset and are weakly pulled high during 
reset. Also, during the CCB fetch, the EPORT is forced 
to OFFh since the CCBs are located in OFF20xx. 


Changing the values of the EPORT SFRs is not possi- 
ble using the windowing feature of the MCS-96 devices. 


The EPORT, Ports 3, 4, and 5, and the Slave Port 
SFRs, which are located in the IFEOh-IFFFh 
range, 


are only accessed using 24-bit instructions. All the oth- 
er SFR registers, which are located in the IFOOh- 
IFDF range, can be addressed using 8-bit addressing 
and the windowing feature. 


A block diagram of the EPORT is shown in Figure 4-1. 
The extended address either accesses data using the 
contents of the extended data address register (EDAR) 
• 
or executes code using the address in the extended slave 
I 
program 
counter 
(ESPC). 
If the EP_MODE 
and 
EP_DIR 
registers are configured for the addressing 
function and code is to be executed or data retrieved 
from an extended address, this extended address will be 
placed onto the EPORT pins. If a 16-bit instruction is 
executed and the device is in 24-bit mode, the contents 
of the EP_REG 
will determine the highest byte of the 
extended 
address. 
Therefore, 
the 
contents 
of 
the 
EP_REG 
should contain the correct extended address 
for the registers in the 16-bit instruction. If the device is 
in 16-bit mode and the port is configured for the ad- 
dressing function, the EPORT pins will default to OFh. 
If the EP_MODE 
and the EP_DIR 
registers are con- 
figured for the I/O 
function, 
the contents 
of the 
EP_REG 
register is placed on the EPORT pins and 
the contents of the EP_PIN 
register is updated to the 
current value on the pins. 


Semple 
Latch 


EP.PIN 


The memory addressing capability of the 8XCI96NT is 
I Mbyte of linear address space. Two bits in the chip 
configuration bytes configure the memory map four dif- 
ferent ways. It is conceptually convenient to think of 
the address space as sixteen 64-Kbyte pages of address 
space (see Figure 5-5). The lower 8 Kbyte (in page OOh) 
is specific purpose memory. The specific purpose mem- 
ory contains the CPU SFRs, the register file, 512 bytes 
of internal RAM and the peripheral SFRs. The upper 
64 Kbyte (page FFh) is where the internal (EP)ROM is 
located. After RESET, 
the CCBs are fetched from 
FF2018h, FF20lAh and FF201CH. Then the program 
counter is set to FF2080h where execution begins. Like 
the previous MCS-96 devices, if EA is tied low accesses 
to locations FF2000h-FF9FFFh 
go external and ac- 
cess to the internal (EP)ROM is not available. The 512 
bytes of internal RAM are mapped to both pages FFh 
and 
OOh in 
locations 
FF04OOh-FF05FFh 
(and 
OOO4OOh-0005FFh).In all memory configurations the 
CPU SFRs (OOOOh-0017h),peripheral SFRs (lFOOh- 
lFDFh) 
and 
Register 
RAM 
(OO18h-03FFh) 
are 
mapped to all pages. Hence, l6-bit loads/stores can be 
used to access them from any page. When referencing 
these locations (except page OOh)with extended loads/ 
stores memory access goes external. Note however that 
the 
"memory 
mapped" 
peripheral 
SFRs 
(lFEOh- 
lFFFh) are only mapped in page OOh(this includes P3, 
P4, P5, EPORT and the Slave Port; see Figure 5-5, 
General Memory Map of the 8XC196NT). 


5.2 
How the EPORT Affects 
Memory 
Accesses 


The standard 
l6-bit address/data 
bus of the MCS-96 
family is extended by the extended addressing port 
(EPORT). The EPORT is 8 bits wide, however only 
four bits are bonded out to make the extra four address 
lines. The EPORT can be used for I/O as discussed in 
the previous EPORT section of this application note. 


Understanding how the EPORT is loaded is important. 
The EPORT block diagram is shown in Figure 4-1. 
First, the extended data address register (EDAR) is 8 
bits wide and concatenated with the 16-bit data address 
register (DAR) to make a 24-bit data address register. 
Notice in the EPORT block diagram that the EDAR is 
loaded from either the EP_REG 
or the CPU data ad- 
dress bus. When using l6-bit instructions (LD, ST), 
EP_REG 
is the source for the EDAR. When using the 
extended addressing instructions (ELD, EST) the CPU 
data address bus is the source. When using the l6-bit 
addressing instructions, the I Mbyte of memory can be 
viewed as sixteen 64 Kbyte memory sections. When it is 
desired to use the l6-bit addressing instructions on a 
particular page, use the extended store instruction to 
initialize EP_REG 
to that page (see Code 5-1). 


The code in Code 5-1 changes the EPORT to 23h. So, 
when l6-bit instructions 
are used such as LD, ST, 
CALL, and IMPs they all refer to the 64 Kbytes of 
memory in page 23h. 


Now suppose that instead of the previous code exam- 
ple, the code in Code 5-2 had been used to change the 
EPORT. 


ldb 
page.#23h 
estb 
page.EP_REG 
;initialize 
so l6-bit 
instructions 
will 
access 
page 
23h 
;use extended 
store 
to write 
to 
SFR 
OOlfe5h 


ldb 
page.#23h 
stb 
page 
EP_REG 
;initialize 
so 
l6-bit 
instructions 
will 
access 
page 
23h 
;use l6-bit 
store 
to write 
to 
SFR 
xxlfe5h 
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ter "page" be stored? Refer to the 8XCI96NT general 
memory 
map 
(Figure 
5-5) and 
look at 
locations 
DOIFEOh-OOIFFFh. These SFRs are ONLY mapped 
to page DOh.So in the code (Code 5-2) it might not be 
known what value the EP_REG 
contained before the 


"stb" is executed. If the EP_REG 
contained a "Olh", 
the "page" register would have been stored in location 
"0lIFE5h" 
which 
is external 
memory. 
Therefore, 
when 
accessing 
a 
peripheral 
SFR 
in 
locations 
OOIFEOh-DOIFFFh, use the extended store instruc- 
tion. 


It is important to note that the 8XCI96NT has 20 ad- 
dress lines. The EPORT register is an 8-bit register. 
Future devices may bond out the upper four bits of the 
EPORT register to make a total of 24 address lines. 
Since internally the (EP)ROM is located in page FFh, 
you must assemble your (EP)ROM code starting at lo- 
cation FF2080h (where execution begins after reset). 


It is a good rule of thumb to set the EP _REG 
(when 
the EPORT is configured for address) to OOhand leave 
it alone. Hence, all 16-bit loads and stores thereafter 
will occur 
in 
page 
OOh. Changing 
the 
page 
via 
EP_REG 
should be done with attentiveness. 


The iC compiler assumes that the current page is OOh. 
So, to remain compatible with the iC compiler, it is 
recommended to keep the page (via EP_REG) 
set to 
DOh. 


5.2.2 
WARNING 
ABOUT 
CHANGING 
PAGES 
WITH 
EP_REG 
WHEN 
THE STACK 
IS IN 
EXTERNAL 
MEMORY 


If it is desired to use non-extended instructions such as 
LD, ST, etc. in any page, then the EP_REG 
can be 
loaded with the appropriate page value and non-extend- 
ed instructions will operate within that page. This also 
applies to stack operations. For example, lets say you 
set the stack pointer to 08DOH in page OOH(external 
memory). Then you change to page OIH by loading 
EP_REG 
with OlH. Now, any stack operation such as 
PUSH, POP, CALL, ECALL will use the stack pointer 
in page OlH. 
So the 
new stack 
location 
will be 
0108DOH.Therefore, if you enter a subroutine while in 
page DOH, then once in the subroutine you change the 
EP_REG 
to any other value and then return from the 
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This is because the stack pointer is now operating in a 
page other than OOH.Remember the following three 
rules when coding and when EPORT is configured as 
address. 


1. You must pay careful attention when changing 
EP_REG 
when the stack is located in external 
memory. 


2. Before doing any stack operation, 
make sure 
EP_REG 
is loaded with the same page as the 
stack is in. 


3. If the stack is in register RAM then there is no • 
problem since register RAM is mapped to all 
pages. 


There are many possible memory map configurations 
with the 8XCI96NT 
(see Figures 5-6 through 
5-9). 
Two bits in chip configuration byte 2 (CCB2) control 
the memory map configurations and the number of 
EPORT lines decoded. These bits are named MODEI6 
(CCB2.1) and REMAP (CCB2.2). First, these two con- 
figuration bits are discussed, then the memory map 
configurations are explained. 


When MODEI6 is set to a I the extended slave pro- 
gram counter (ESPC) is forced to FFh (see the EPORT 
block diagram Figure 4-1). The extended slave program 
counter is also 8 bits wide and is concatenated with the 
16-bit program counter (PC) to create a 24-bit wide 
program counter. The extended program counter can 
be thought of as holding the page location value of the 
currently executing code. Hence, code fetches are limit- 
ed to the 64 Kbyte region in page FFh when MODEI6 
is set to a I. In this mode extended branching instruc- 
tions (EBR, EJMP, ECALL) do not work and must not 
be used. 


If MODEI6 is set to a 0, then 24-bit mode is entered 
(see Figures 5-8 and 5-9). Now the extended program 
counter can be any page value. A simple extended jump 
instruction across pages changes the extended program 
counter value to the destination page. For example, if 
code is executing out of internal (EP)ROM 
in page 
FFh, the code can branch to external memory location 
D03000h by the following instruction (see Code 5-3): 


ld temp,#l2h 
st temp,portl 
ebr 
003000h 
;24 bit instruction jump to external location 
;003000h (page OOhl 


The REMAP bit, when set to a I, maps the internal 
(EP)ROM to both pages OOhand FFh. See Figures 5-6 
and 5-7 for the memory maps with REMAP = I. The 
disadvantage of having the (EP)ROM mapped in both 
pages OOhand FFh is that a 32 Kbyte piece of page OOh 
is used. However, this may be useful if data tables are 
stored in (EP)ROM. When the REMAP bit is set to a 
0, the internal (EP)ROM is only mapped to page FFh. 
But, if executing externally (EA low) the REMAP bit is 
a don't care. Hence, the REMAP bit is ONLY effective 
when EA is high. 


Now that the two CCB2 bits MODEI6 and REMAP 
have been defined, we can discuss the different memory 
configurations mentioned earlier. The first configura- 
tion is called 64K compatible mode and its memory 
map is pictured in Figure 5-6. This mode makes the 
8XCI96NT 
completely 
compatible 
with 
the 
8XCI96KR 
(EP_REG 
should be loaded with OOhif 
complete 
compatibility 
is desired). 
In 
this 
mode, 
MODEI6 is set to a I so the program counter is limited 
to a 64K address space and the REMAP bit is set to 


a I so the (EP)ROM is mapped in both page FFh and 
page OOh.A program written for a 64K MCS-96 device 
such as the 8XCI96KR 
can be ported over to the 


8XCI96NT 
easily. The lower 64 Kbytes of memory 


looks similar to the 64K MCS-96 devices. If desired, 
the EPORT lines can be configured as address allowing 
access to I Mbyte of data. Setting the EP_REG 
to a 


page value allows use of the 16-bit addressing instruc- 
tions (i.e. LD, ST) in any page Olh through OEh. 


5.3.4 
EXAMPLE: 
USING 
THE "64K 
COMPATIBLE 
MODE" 
WITH 
96 KBYTES 
OF DATA 


Figure 5-1 shows the 87CI96NT running from internal 
(EP)ROM in 64K compatible mode. External data ac- 
cesses are allowed using extended addressing instruc- 
tions. The first 32 Kbyte RAM is mapped to the loca- 
tions in page OOhthat are not mapped for a specific 
purpose (see general memory map Figure 5-5). The 
general 
purpose 
spaces 
in 
page 
OOh amount 
to 


32 Kbytes of memory. The 64 Kbyte RAM is mapped 
to page Olh. The 16-bit instructions (LD, ST) access 
RAM # I (if the EP_REG 
was set to OOh)and the 


extended instructions access both RAMs. The 16-bit 
instructions can access RAM 
# 2 if the EP_REG 
is 


loaded with Olh. 


32K x 8 
RAM *1 
64K x 8 
RAM *2 


The code below applies to Figure 5-1 above. There are 
two subroutines (A and B). In subroutine A (see Code 
5-4) page Olh is accessed using 16-bitstores. However, 
first the EP_REG 
has to be initialized to page 01h. In 
addition the subroutine has to restore the page value to 
EP_REG 
upon exiting the subroutine. So there is 
some overhead involved with using 16-bit loads/stores 
in different pages. Although if many data accesses are 
done in subroutine A then 16-bitloads/stores would be 
advantageous since they are faster. The extended loads/ 
stores require an extra bus cycle since the internal bus 
is 16-bitswide. 


In subroutine B (see Code 5-5) the extended instruc- 
tions are used. Notice the overhead from subroutine A 
has been eliminated. Subroutine B takes less memory 
space and is more "readable" since fewer instructions 
are needed. If time is not critical and subroutine B is 
not called often to do data accesses then it would be 
justifiable to use extended instructions. Only in time 
critical applications where many loads and stores are 
done would it be advantageous to use 16-bit non-ex- 
tended instructions. 
• 
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;* Accessing 
data 
in page 
Olh 
using 
l6-bit 
instructions 
EP_REG 
equ 
lFE5h 
rseg 
at 
lch 
temp: 
dsw 
1 
page: 
dsb 
1 
current_page: 
dsb 
1 
resul t : 
dsw 
1 


ldb 
page,#Olh 
est 
page,EP_REG 


;save flags, 
disable 
interrupts 
;save the 
current 
setting 
of the 
;page 
;all l6-bit 
accesses 
go to page 
Olh 
;initialize 
EP_REG 
for 
data "access 
;in page 
Olh 


pusha 
eldb 
current_page,EP_REG 


ld temp,#1234h 
st temp,600h 
;value 
in 
"temp" 
is stored 
in 
;location 
Ol0600h 
;do something 
with 
registers 
;store 
result 
in Ol0602h 
;more ld/st 
instructions 
in page 
;Olh 


add 
result,temp,#4000h 
st result,602h 


;restore 
page 
value 
for 
calling 
;program 
;restore 
flags 
and 
interrupts 


br 
done 
end 


;* Accessing 
data 
in page 
Olh 
using 
extended 
instructions 
equ 
lFE5h 
rseg 
at 
lch 
dsw 
1 
dsw 
1 
cseg 
at OFF2080h 


temp: 
result: 


pusha 
ld temp,#1234h 
est 
temp,Ol0600h 


add 
result,temp,#4000h 
est 
result, 
Ol0602h 


brdone 
end 


;value 
in 
"temp" 
is stored 
in 
;location 
Ol0600h 
;do something 
with 
registers 
;store 
result 
in Ol0602h 
;more eld/est 
instructions 


5.3.5 64K COMPATIBLE MODE WITH PAGE 
OOh FREE 


The next memory map is pictured in Figure 5-7. This is 
the same as the previous mode except that the REMAP 
bit is set to O. The program counter is still forced to 
page FFh since MODE16 = 1. So any jumps beyond 
the page will stay within page FFh. Page OOhis now 
available with the exception of some of the lower mem- 
ory (see the general memory map Figure 5-5). This 
mode can be used for a program that was written for a 
64 Kbyte MCS-96 device, which needs more memory 
for data. 


5.3.6 EXAMPLE: USING THE 64K COMPATIBLE 
MODE WITH 128K OF EXTERNAL DATA 


Since page OOhis free to use (except for SFRs, etc.), this 
next memory configuration takes advantage of page 
OOhin 64K compatible mode (see Figure 5-2). The pro- 
gram 
counter 
is 
limited 
to 
64 
Kbyte. 
But, 
the 


(EP)ROM 
is only mapped 
in page FFh 
and 
the 


32 Kbyte memory space in page OOhis now free. This 
allows use of a 64 Kbyte RAM instead of the 32 Kbyte 
RAM shown in Figure 5-1. Hence, there is a total of 
128 Kbytes of external data available to access when 
using only one EPORT address line. 


• 


64K x 8 
RAM 
*1 
64K x 8 
RAM 
*2 


Figure 5-8 shows the third memory map. Here the 
(EP)ROM is remapped to page OOhas well as page FFh 
(REMAP = 1) but the program counter is 24 bits wide 
(MODEI6 
= 0). Hence, code can be executed from 
anywhere 
in 
the 
memory 
space. 
Remember 
that 
32 Kbytes of memory space in page OOhare dedicated 
to the internal (EP)ROM 
which would typically be 
used to store look-up tables or constants. The ELD/ 
EST instructions work in all modes and always allow 
access to 1 Mbyte of data. 


5.3.8 
EXAMPLE: 
USING 
24·BIT 
MODE 
WITH 
(EP)ROM 
REMAPPED 


The third memory configuration is extended addressing 
with the EPROM remapped (Figure 5-3). In this con- 
figuration, MODE 16 = 0 so the program counter is 24 
bits wide. This memory configuration could be used 
when a program was written for the 87Cl96KR 
but 


requires more memory space for code. Notice in Figure 
5-3 that there are three pages of external memory used. 
The RAM (page Olh) is used for external data storage. 
The external EPROM (pages 02h and 03h) is used for 
128 Kbytes of code. So in the example below there are 
160 Kbytes of code space (32 Kbytes internal EPROM 
+ 128 Kbytes external EPROM) and 64 Kbytes of 
data space. Note this time a 16-bit buswidth was used. 


EA# 
AD8-AD15 
CE# 


373 
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87C196NT 
LE 
27C210 
data 
32K 
X 16 
64K x 16 
RAM -data 
Code • 


data 


8USWIDTH 


A1-A7 
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---------._- 


ADO-AD7 


WRL# 
WRH# 
LE 
OE# 
LB# 
UB# 
OE# 


Figure 5·3. Extended 
Addressing 
with 64 Kbytes 
of External 
EPROM and 32 Kbytes of External 
RAM (16·Blt Buswldth) 


The 24-bit mode is the most liberal of the memory map 
configurations (see Figure 5-9). The program counter is 
24 bits wide and the internal (EP)ROM is only mapped 
to page FFh. In this mode, code and data can be ac- 
cessed almost anywhere in memory. 


Finally, the normal extended addressing mode is shown 
in Figure 5-4. Here we are in 24-bit mode and the 
REMAP bit is a don't care since all code accesses go 
external. Code begins execution in page FFh. The first 
64 Kbyte EPROM 
is used for page FFh. The next 


64 Kbyte EPROM is used for page OOh.The 64 Kbyte 
RAM can be used for data storage; in addition, code 
can be executed from the RAM. 
Only two of the 


EPORT pins need to be decoded. If more memory is 
needed, then it is easy to decode the additional EPORT 
pins. 


01 OOOOh-O 
1 FFFFh 


OOOOOOh-OOFFFFh 


The 8XCI96NT has 512 bytes of internal RAM. This 
RAM is mapped in both pages FFh and OOh(see Figure 
5-5: General Memory Map). The internal RAM is like 
external RAM that has been brought inside the chip. 
Hence, the internal RAM can be used to execute code 
or store data. To access the internal RAM as data, only 
indexed or indirect addressing can be used. Code can be 
placed in internal RAM in many ways. For example, if 
a board executes different code each time it powers up 
then the boot code can be downloaded via the serial 
port to the internal RAM. 


5.4.1 
READING 
THE EA PIN AND 
REDIRECTING 
INTERNAL 
RAM 
ACCESSES 


It is possible to read the logic level on the EA pin via 
the internal RAM register (IRAM_REG). 
The format 
of the IRAM_REG 
(IFEOh) is shown below: 


7 
6 


~A-STATIIRAM 
I 
0 


ELSTAT: 
This bit is the complement of the logic 
level on the EA pin. 


o means EA = I and code accesses in the range 
FF2000h-FF9FFFh 
are 
directed 
to 
internal 
EPROM or ROM. 
I means EA = 0 and code accesses in the range 
FF2000h-FF9FFFh 
are 
directed 
to 
external 
memory. 


IRAM: direct the internal RAM accesses to external 
memory 
o means all internal RAM accesses from 4OOh- 
5FFh go INTERNAL 
I means all internal RAM accesses from 4OOh- 
5FFh go EXTERNAL 


The IRAM_REG 
is useful when in the design stage 
and the internal RAM code must be interrogated with a 
logic analyzer. This can't be accomplished unless all 
internal RAM accesses are directed to external memory 
where a logic analyzer can be hooked up. The following 
initialization code (Code 5-6) can be placed at the be- 
ginning of your program to check for internal execution 
or external execution and configure internal RAM ac- 
cesses accordingly: 


rseg 
at 
lCh 
temp: 
dsb 
1 


cseg 
at 
OFF2080h 
eldb 
temp,IRAM_REG[O] 
shrb 
temp,#l 
;put 
complement 
of 
EA# pin 
in 
bit 
7 of 
temp 
;put 
complement 
of 
EA# in 
bit 
6 of 
temp 


;Allow 
internal 
RAMaccesses 
to 
go either 
;INTERNAL{IRAM_REG.6=0) or 
EXTERNAL 
; (lRAMREG.6=1) 


Given the memory configuration of Figure 5-2 suppose 
the following instruction is executed (see code 5-7): 


SinceEP.I is not decoded the 02h part of the address is 
ignored and "temp" gets loaded with the value at loca- 
tion 003000h. Wraparound occurs when referencing a 
memory location that requires greater than 20 address 
lines(if all four EPORT linesare used) since internally, 
. extended addresses are 24 bits wide. There is no nega- 
tive effect of wraparound, just keep it in mind when 
coding. 


III 


inteJ~ 


FFFFFF 


External Memory 


FFAOOO 


FF9FFF 
Internal (EP)ROM or External Memory 
FF2000 


FF1FFF 
External Memory 
FF0600 


FF05FF 
Internal RAM (mapped to 000400 to 0005FF 
also) 
FF0400 


FF03FF 
External 
Memory 
FF0100 


FFOOFF 
Reserved 
for ICE 
FFOOOO 


FEFFFF 


896K of External 
Memory 


010000 


OOFFFF 
External Memory 
OOAOOO 


009FFF 
External 
Memory or Internal (EP)ROM 


002000 
(depends 
on remap bit) 
, 


001FFF 
Peripheral 
Special 
Function 
Registers 
001FEO 


001FDF 
Peripheral 
Special Function 
Registers· 
001FOO 


001EFF 
External Memory 
000600 


0005FF 
Internal RAM (mapped 
to FF0400 to FF05FF also) 
000400 


0003FF 
Register 
RAM· 
000018 


000017 
CPU Special 
Function 
Registers· 
000000 


NOTES: 
Code accesses 
to locations 
OOOOOhto 003FFFh 
go external. 
"Accessible 
in every page using 18-blt addressing 
(LD, Sn. External 
memory 
In every page (except 
OOh) when using extend- 


ed addressing 
instructions. 


FFFFFF 
• External code and data 
• 32K Internal (EP)ROM 
.512 
Bytes of internal 
RAM (mapped from page OOh) 
FFOOOO 


FEFFFF 


• External data ONLY 


010000 


OOFFFF 
• External data 
• Remapped 
internal (EP)ROM 
• 512 Bytes of internal RAM 


• SFRs 
000000 
• Register 
File 


MODE 16 = 1 program counter limited 
to 64K; no limit 
to data access 
REMAP = 1 
internal (EP)ROM mapped in both pages OOhand FFh 


FFFFFF 
• External code and data 
• 32K Internal (EP)ROM 
• 512 Bytes of internal 
RAM (mapped from page OOh) 
FFOOOO 


FEFFFF 


• External data ONLY 


010000 


OOFFFF 
• External data 
• 512 Bytes of internal 
RAM 


• SFRs 
• Register 
File 
000000 


Figure 5·7. Memory 
Map: 64K Compatible 
Mode with Page OOhAvailable 
MODE 16 = I program counter limited 
to 64K; no limit 
to data access 
REMAP = 0 
internal (EP)ROM mapped in page FFh ONLY 


NOTES: 
When EA is high accessesfrom FF2000h to FF9FFFh 
go INTERNAL 
When EA is low accessesfrom FF2000h to FF9FFFh 
go EXTERNAL 


FFFFFF 
• External code and data 
• 32K Internal (EP)ROM 
.512 
Bytes of internal 
RAM (mapped from page OOh) 
FFOOOO 


FEFFFF 


• External code and data 


010000 


OOFFFF 
• External code and data 
• Remapped 
internal (EP)ROM 
• 512 Bytes of internal RAM 


• SFRs 
000000 
• Register 
File 


MODE 16 = 0 program counter is 24 bits wide; no limit 
to data access 
REMAP = I 
internal (EP)ROM mapped in both pages OOhand FFh 


FFFFFF 
• External code and data 
• 32K Internal (EP)ROM 
.512 
Bytes of internal RAM (mapped from page OOh) 
FFOOOO 


FEFFFF 


• External code and data 


010000 


OOFFFF 
• External code and data 
.512 
Bytes o~internal 
RAM 


• SFRs 
• Register 
File 
000000 


Figure 5-9. Memory 
Map: 24-Bit Mode 
MODE 16 = 0 program counter is 24 bits wide; no limit 
to data access 
REMAP = 0 
internal (EP)ROM mapped in page FFh ONLY 


NOTES: 
When EA is high accessesfrom FF2000h to FF9FFFh 
go INTERNAL 
When EA is low accessesfrom FF2000h to FF9FFFh 
go EXTERNAL 


The 8XC196NT has an enhanced bus controller. The 
timing improvements as a result of the enhanced bus 
controller allow the microcontroller to run with no wait 
states using slower and less expensive memories on the 
external bus. This section discusses the improvements 
to the bus controller that allows this flexibility. 


First, an explanation of the A.C. timing symbols is nec- 
essary. Consult the chart below when studying timing 
diagrams: 


The signals are Wand Y. 
The conditions are X and Z. 


A 
- 
address 
B 
- 
bus control signals (BHE, INST) 
BR - 
BREQ (bus request) 
C 
-CLKOUT 
D 
- 
data in 
G 
- 
buswidth 


H 
-HOLD 
HA - 
HLDA (hold acknowledge) 


L 
-ALE/ADV 
Q 
- 
data out 
R 
- 
RD (read) 
W 
- 
WR/WRH/WRL 
X 
-XTAL 
Y 
-READY 


6.2 
Conditions 
H 
-high 
L 
-low 
V 
-valid 
X 
- 
no longer valid 
Z 
- 
floating 


Before discussing the value of the improved bus con- 
troller timings, it is necessary to explain the critical 
memory device timings. The diagram (see Figure 6-1) 
below illustrates the important memory device READ 
timing relationships. 


II 


- 
delay time from when the address is valid 
to when the data output from the memory 
device is valid. 
toE 
- 
delay time from when the output enable of 
the memory device is asserted to when the 
data output from the device is valid. 
tDF 
- 
delay time from when the output enable is 
deasserted until when the data output from 
the memory device floats. The smaller this 
spec is the better because then the micro- 
controller can drive the next address on the 
bus sooner. 


The corresponding MCS-96 BUS READ signals and 
timings are pictured in Figure 6-2. 
TAVDV - 
address valid to data input valid 


TRLDV - 
read low to data valid 
TRHDZ - 
read high to data float 
TWLWH- 
the write low pulse width (this is the only 
critical write timing spec) 
ToSC 
- 
The period of the oscillator or '/2 the peri- 
od of CLOCKOUT. Tosc = IIFXTALI 


Hence, given the above timings, the following relations 
can be derived: 
I. (tACC + latch delay) must be < TAVOV 


2. tOE must be < TRLOV 
3. tOF must be < TRHOZ 


4. twP < TWLWH 


6.4 
What Can be Done to Use Less 
Expensive 
Memories and Run at 
Maximum Speed with Zero Wait 
States? 


With the standard bus timings it is difficult for inexpen- 
sive memory devices to meet the critical timings of the 


microcontroller. Therefore, either the microcontroller 
has to run at a slower clock frequency or more expen- 
sive, faster memories must be used. 


The new timing modes on the 8XCI96NT 
solve the 
problem 
of meeting critical 
memory 
timings. The 
8XCI96NT new bus timing modes allow the microcon- 
troller to run at its maximum specified frequency and 
use standard (slower) memory devices. The method of 
solving the problem centers around adjusting the mi- 
crocontroller's 
critical bus timings to accommodate 
slower memory devices. Refer to the critical timings 
diagrams (Figure 6-1 and 6-2) to conceptualize the fol- 
lowing explanation: typically the limiting factor with 
external memories is the toE spec (corresponding to 
TRLOV)' IfTRLOV is increased enough to meet the toE 
spec then the next limiting spec is tACC (corresponding 
to TAVOV).However, when TAVOVis relaxed (i.e. in- 
creased) the TRHOZ becomes worse (i.e. decreases). 
Consequently tOF now becomes the limiting factor with 
the memory device. Hence, there is a tradeoff associat- 
ed with relaxing the TAVOVspec. 


There are four different timing modes available on the 
8XCI96NT. The modes are: standard timing, standard 
timing with one wait state, long read/write 
with ad- 
vanced ALE, long read/write 
with advanced address. 
These modes are selectable by the chip configuration 
bytes. The chip configuration bytes are loaded into the 
chip configuration registers after RESET goes high. 
These bytes configure the microcontroller (see Figure 
7-1 for the chip configuration byte definitions). Basical- 
ly there are two bits in CCBI: MSELO and MSELI (see 
Table 6-1) that define the timing modes. A pictorial 
comparison of these modes is shown in Figure 6-3. 


MSELO 
MSEL1 
Mode 
Description 
(CCB1.6) 
(CCB1.7) 


0 
0 
0 
Standard 
Timing 
with 
One Wait State 
inserted 
into the bus cycle. 
Also known as Slow External Memory 
(SEM) mode. 


0 
1 
1 
Long 
R/W: 
advances 
RD/WR 
by 1 Tase creating a 2 Tase RD/WR 
low time. ALE is also advanced 
by 0.5 Tase but ALE high time remains 
1 Tase. 


1 
0 
2 
Early Address: 
Same as mode 1 but the address 
is put on the bus 0.5 
Tase earlier in the bus cycle. 


1 
1 
3 
Standard 
Timing 
Mode 


The standard timing mode configures the bus controller 
to operate with timings similiar to the 8XCI96KR. 
This mode is the default bus timing mode after RESET. 
See Figure 6-3 for a pictorial representation of mode 3 
compared to modes I and 2. 


Memory 
Corresponding 
Time 
Device Spec 
8XC196NT Spec 
inns 


tAee 
TAVDV 
3 Tose - 
55 (Max) 


tDF 
TRHDZ 
Tose(Max) 


tOE 
TRLDV 
Tose - 
30 (Max) 


twP 
TWLWH 
Tose - 
30 (Min) 


NOTE: 
For latest specs consult the current datasheet for the 
8Xe196NT. 


6.5.2 
STANDARD 
TIMING 
WITH 
ONE WAIT 
STATE 
(MODE 
0) 


Mode 0 is the same as the Standard Timing mode ex- 
cept that one wait state is inserted into the bus cycle. A 
wait state is 2 Tosc. which must be added to the rele- 
vant "no wait state" spec to get the MODE 0 spec. This 
mode is also referred to as the Slow External Memory 
(SEM) mode. 


Memory 
Corresponding 
Time 
Device Spec 
8XC196NT Spec 
In ns 


tAce 
TAVDV 
5 Tosc 
- 
55 (Max) 


tDF 
TRHDZ 
Tosc(Max) 


toE 
TRLDV 
3 Tosc 
- 
30 (Max) 


twP 
TWLWH 
3 Tose - 
30 (Min) 


NOTE: 
For latest specs consult the current datasheet for the 
8Xe196NT. 


6.5.3 
LONG 
READ/WRITE 
WITH 
ADVANCED 
ALE (MODE 
1) 


Mode I improves the tOE spec. Since toE corresponds 
to TRLDY. it follows that lengthening the READ (or 
WRITE) pulse also lengthens TRLDY. Consequently, 
the memory device has more time to place the data 
onto the bus. In other words. the toE spec of the memo- 
ry device can now be larger which corresponds to a less 
expensive device. Hence, MODE I is called the Long 
READIWRITE 
mode since the RDIWR signals are 
advanced by one TOSC (see Figure 6-3, comparison of 
the bus timing modes). The time the address is driven 
on the bus is shortened by one Tosc from two Toscs 
(see Figure 6-3). ALE is advanced by one-half a Tosc, 
but still has a one Tosc high time. Advancing ALE 
guarantees that the address will be valid when ALE 
goes low (shown in Figure 6-3). 


II 


Memory 
Corresponding 
Time 
Device Spec 
8XC196NT Spec 
in ns 


tACC 
TAVOV 
3 T OSC - 
60 (Max) 


tOF 
TRHOZ 
Tosc(Max) 


toE 
TRLOV 
2 T OSC - 
44 (Max) 


twP 
TWLWH 
2 TOSC - 
20 (Min) 


NOTE: 
For latest specs consult the current datasheet for the 
8XC196NT. 


6.5.4 LONG READ/WRITE WITH ADVANCED 
ALE AND EARLY ADDRESS (MODE 2) 


This mode improves the tACC spec by lengthening 
TAYDY.As shown in Figure 6-3, the address is placed 
on the bus one-half Tosc earlier than the other modes. 
Therefore, the address is driven for one and a half 
Toscs. Since the address is placed on the bus one-half 


Tosc earlier, the previous data has to be taken off the 
bus faster. Hence, the TRHDZ spec is shortened (i.e., 
worse than other modes). In Figure 6-3, the mode 
2 AID bus drawing shows the data output being floated 
earlier due to the early address. The tightening 
of 


TRHDZ (tDF) is a necessary compromise that results 
from relaxing TAYDY' 


Memory 
Corresponding 
Time 
Device Spec 
8XC196NT Spec 
in ns 


tACC 
TAVOV 
3.5 TOSC - 
55 (Max) 


tOF 
TRHOZ 
0.5 TOSC (Max) 


toE 
TRLOV 
2 T OSC - 
44 (Max) 


twP 
TWLWH 
2 T OSC - 
20 (Min) 


NOTE: 
For latest specs consult the current datasheet for the 
8XC196NT. 


Ro or WR 
mode 
1,2 


_I 


-! 
' 
:- 
TOSe ~ 
:- 
TOSe --: 


-- 
1 


DATA 
IN »X 
ADDRESS 
OUT 


: • 
2TOSC 
----.~: 
___* 
ADDRESS 
OUT 
H< 
___...*ADDRESS 
OUT}--{« 
: 
DATA 
IN 
)))}X 
ADDRESS 
OUT 


. 
05 
:-- 


-: 
lOSe 


ADDRESS 
OUT H:<:(:~~~:~~D~A~T~A~IN~~~~~~~):~=~ 
ADDRESS 
OUT 


___ ...X.. 
A_D_DR_E_S_S_O_U_T 
X 
DATA OUT 
C 


- __ ...X ADDRESS 
OUTX. 
D_A_TA_O_U_T 
C 


ADDRESS 
OUT X.. 
D_A_T_A_O_U_T 
X. 
_ 


NOTE: 
Mode 0 is the same as Mode 3 but with one wait state inserted 
into the bus cycle. 


• 


6.6 
Giv!i!n These New Timing Modes, 
Which Memory Devices Can Be 
Used with No Wait States? 


The 
timing 
improvements 
discussed 
above 
allow 
the 


memory 
devices 
to be used at higher 
frequencies 
with 
no wait states. Included 
in this application 
note are four 


spreadsheets 
that 
show 
the 
maximum 
frequency 
the 


8XCI96NT 
can be run at with the given memory 
de- 


vice in a given mode. 
In different 
modes, 
the maximum 
frequency 
is contingent 
upon 
one of the three 
critical 
timing 
specs (i.e., tACC, tOE or tOF). The spreadsheets 


show the calculations 
for each critical 
timing. 
For 
ex- 
ample, 
it calculates 
the maximum 
frequency 
assuming 
that 
tACC is the 
limiting 
spec. Then 
the spreadsheets 
~al~~late 
the maximum 
frequency 
assuming 
tOE is the 


hmltmg 
spec and so forth. After the maximum 
frequen- 
cy IS calculated 
the corresponding 
8XCI96NT 
bus tim- 
ings are calculated 
based 
on the maximum 
frequency 
Just found. 
For example, 
in spreadsheet 
2, Mode 
1 cal- 
culations 
are shown. 
Three 
different 
groups 
of calcula- 
t!ons are done based on either 
tACC, tOE and tOF. No- 
tice that the shaded 
maximum 
frequency 
column 
is un- 


der tACC. That 
means 
that tACC was the limiting 
spec. 
Also, 
the 
timings 
tACC, toE 
and 
tOF are 
within 
the 
limits 
of the calculated 
TAyoy, 
TRLOY and 
TRHOZ 
respectively. 
Notice 
in the other 
two columns 
(tOE and 
tOF), that the specs tACC, tOE and tOF do not all meet 
TAYOY, TRLOY or TRHOZ. 
The 
flash memory 
parts 


have. the 
same 
analysis 
except 
just 
tOE and 
twP 
are 


considered. 
Also, 
mode 
0, the 
standard 
timing 
mode 


with 
one wait state 
is included 
for completeness. 
The 


last 
spreadsheet 
(# 5) is a summary 
of the 
previous 


four. 


6.7 
Changes to the Bus Control 
Timings 


The main control 
signals 
affected 
by the enhanced 
bus 
controller 
are 
ALE, 
RD, 
and 
WR. 
But, 
some 
other 


control 
signals changed 
as well. For example, 
in modes 


I and 2, ADV, 
BHE and INST 
occur 
one-half 
a ~ 
earlier 
to remain 
consistent 
with 
ALE 
and 
RD/WR. 


Also, the WRL/WRH 
lengthened 
the same as WR. 


It is required 
to latch address 
lines 0 through 
IS when 


running 
in 8-bit mode when operating 
in modes 
I (long 
read/write) 
and 
2 (early 
address). 
The 
reason 
for the 


latch 
is because 
the upper 
address 
lines (A8-AI5) 
are 


not driven 
with 
the address 
during 
the write 
or read 


portion 
of the bus cycle. 
Instead 
A8-A15 
are driven 


with the data from ADO-AD? 
during 
the write or read 


cycle. 


A latch is not required 
on the upper 
address 
lines A8- 


A15, when operating 
in Modes 
0 and 3. In these modes 


the address 
is driven 
on A8-A15 
during 
the entire 
bus 


cycle. 
Only 
a 
latch 
on 
the 
lower 
address 
lines 


(ADO-AD?) 
is required. 


Mode 0 


Based on tACC 
Based on tOE 
Based 
on tOF 


EPROMs 
tACC 
tOE 
tOF 
Max Freq 
TAVOV 
TRLOV 
TRHOZ 
Max Freq 
TAVOV 
TRLOV 
TRHOZ 
Max Freq 
TAVOV 
TRLOV 
TRHOZ 


27C256-200 
200 
75 
55 
18.66 
200.00 
130.80 
53.60 
28.57 
107.00 
75.00 
35.00 
18.18 
207.00 
135.00 
55.00 


27C256-150 
150 
60 
50 
22.94 
150.00 
100.80 
43.60 
33.33 
82.00 
60.00 
30.00 
20.00 
182.00 
120.00 
50.00 


27C256-120 
120 
55 
30 
26.60 
120.00 
82.80 
37.60 
35.29 
73.67 
55.00 
28.33 
33.33 
82.00 
60.00 
30.00 


27C512-200 
200 
70 
60 
18.66 
200.00 
130.80 
53.60 
30.00 
98.67 
70.00 
33.33 
16.67 
232.00 
150.00 
60.00 


27C512-150 
150 
60 
50 
22.94 
150.00 
100.80 
43.60 
33.33 
82.00 
60.00 
30.00 
20.00 
182.00 
120.00 
50.00 


27C512-120 
120 
55 
30 
26.60 
120.00 
82.80 
37.60 
35.29 
73.67 
55.00 
28.33 
33.33 
82.00 
60.00 
30.00 


27C010-200 
200 
70 
60 
18.66 
200.00 
130.80 
53.60 
30.00 
98.67 
70.00 
33.33 
16.67 
232.00 
150.00 
60.00 


27C010-150 
150 
60 
50 
22.94 
150.00 
100.80 
43.60 
33.33 
82.00 
60.00 
30.00 
20.00 
182.00 
120.00 
50.00 


27C010-120 
120 
55 
30 
26.60 
120.00 
82.80 
37.60 
35.29 
73.67 
55.00 
28.33 
33.33 
82.00 
- 60.00 
30.00 


27C020-200 
200 
70 
60 
18.66 
200.00 
130.80 
53.60 
30.00 
98.67 
70.00 
33.33 
16.67 
232.00 
150.00 
60.00 


27C020-150 
150 
60 
50 
22.94 
150.00 
100.80 
43.60 
33.33 
82.00 
60.00 
30.00 
20.00 
182.00 
120.00 
50.00 


27C040-200 
200 
70 
60 
18.66 
200.00 
130.80 
53.60 
30.00 
98.67 
70.00 
33.33 
16.67 
232.00 
150.00 
60.00 


27C040-150 
150 
60 
50 
22.94 
150.00 
100.80 
43.60 
33.33 
82.00 
60.00 
30.00 
20.00 
182.00 
120.00 
50.00 


_. 
cC 


Flash 
tACC 
tOE 
tOF 
twP 
Max Freq 
TAVOV 
TRLOV 
TRHOZ 
TWLWH 


28F256A-150 
150 
55 
35 
60 
22.94 
150.00 
100.80 
43.60 
100.8 


28F256A-120 
120 
50 
30 
60 
26.60 
120.00 
82.80 
37.60 
82.8 


28F512-150 
150 
55 
35 
60 
22.94 
150.00 
100.80 
43.60 
100.8 


28F512-120 
120 
50 
30 
60 
26.60 
120.00 
82.80 
37.60 
82.8 


28F010-150 
150 
55 
35 
60 
22.94 
150.00 
100.80 
43.60 
100.8 


28F010-120 
120 
50 
30 
60 
26.60 
120.00 
82.80 
37.60 
82.8 


28F020-200 
200 
60 
40 
60 
18.66 
200.00 
130.80 
53.60 
130.8 


28F020-150 
150 
55 
35 
60 
22.94 
150.00 
100.80 
43.60 
100.8 


28F001BX-150 
150 
55 
35 
50 
22.94 
150.00 
100.80 
43.60 
100.8 


28F001 BX-120 
120 
50 
30 
50 
26.60 
120.00 
82.80 
37.60 
82.8 


NOTE: 
A latch delay of 13 ns is included in 
the calculations. 


I 


Mode 1 


Based on tACC 
Based on tOE 
Based on tOF 


EPROMs 
~ 
Max Freq 
TRLOV 
TRHOZ 
Max Freq 
TAVOV 
TRLOV 
TRHOZ 
tACC 
tOE 
tOF 
TAVOV 
TRLOV 
TRHOZ 
Max Freq 
TAVOV 
27C256-200 
200 
75 
55 
10.99 
200.00 
138.00 
91.00 
16.81 
105.50 
75.00 
59.50 
18.18 
92.00 
66.00 
55.00 


27C256-150 
150 
60 
50 
13.45 
150.00 
104.67 
74.33 
19.23 
83.00 
60.00 
52.00 
20.00 
77.00 
56.00 
50.00 


27C256-120 
120 
55 
30 
15.54 
120.00 
84.67 
64.33 
20.20 
75.50 
55.00 
49.50 
33.33 
17.00 
16.00 
30.00 


27C512-200 
200 
70 
60 
10.99 
200.00 
138.00 
91.00 
17.54 
98.00 
70.00 
57.00 
16.67 
107.00 
76.00 
60.00 


27C512-150 
150 
60 
50 
13.45 
150.00 
104.67 
74.33 
19.23 
83.00 
60.00 
52.00 
20.00 
77.00 
56.00 
50.00 


27C512-120 
120 
55 
30 
15.54 
120.00 
84.67 
64.33 
20.20 
75.50 
55.00 
49.50 
33.33 
17.00 
16.00 
30.00 


27C010-200 
200 
70 
60 
10.99 
200.00 
138.00 
91.00 
17.54 
98.00 
70.00 
57.00 
16.67 
107.00 
76.00 
60.00 


27C010-150 
150 
60 
50 
13.45 
150.00 
104.67 
74.33 
19.23 
83.00 
60.00 
52.00 
20.00 
77.00 
56.00 
50.00 


27C010-120 
120 
55 
30 
15.54 
120.00 
84.67 
64.33 
20.20 
75.50 
55.00 
49.50 
33.33 
17.00 
16.00 
30.00 


27C020-200 
200 
70 
60 
10.99 
200.00 
138.00 
91.00 
17.54 
98.00 
70.00 
57.00 
16.67 
107.00 
76.00 
60.00 


27C020-150 
150 
60 
50 
13.45 
150.00 
104.67 
74.33 
19.23 
83.00 
60.00 
52.00 
20.00 
77.00 
56.00 
50.00 


27C040-200 
200 
70 
60 
10.99 
200.00 
138.00 
91.00 
17.54 
98.00 
70.00 
57.00 
16.67 
107.00 
76.00 
60.00 


27C040-150 
150 
60 
50 
13.45 
150.00 
104.67 
74.33 
19.23 
83.00 
60.00 
52.00 
20.00 
77.00 
56.00 
50.00 


Flash 
tACC 
tOE 
tOF 
twP 
Max Freq 
TAVOV 
TRLOV 
TRHOZ 
TWLWH 


28F256A-150 
150 
55 
35 
60 
13.45 
150.00 
104.67 
74.33 
128.67 


28F256A-120 
120 
50 
30 
60 
15.54 
120.00 
84.67 
64.33 
108.67 


28F512-150 
150 
55 
35 
60 
13.45 
150.00 
104.67 
74.33 
128.67 


28F512-120 
120 
50 
30 
60 
15.54 
120.00 
84.67 
64.33 
108.67 


28F010-150 
150 
55 
35 
60 
13.45 
150.00 
104.67 
74.33 
128.67 


28F010-120 
120 
50 
30 
60 
15.54 
120.00 
84.67 
64.33 
108.67 


28F020-200 
200 
60 
40 
60 
10.99 
200.00 
138.00 
91.00 
162.00 


28F020-150 
150 
55 
35 
60 
13.45 
150.00 
104.67 
74.33 
128.67 


28F001 BX-150 
150 
55 
35 
50 
13.45 
150.00 
104.67 
74.33 
128.67 


28F001 BX-120 
120 
50 
30 
50 
15.54 
120.00 
84.67 
64.33 
108.67 


NOTE: 
A latch delay of 13 ns is included in 
the calculations. 


-- 
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Mode 2 


Based on tACC 
Based on tOE 
Based on tOF 


EPROMs 
tACC 
tOE 
tOF 
Max Freq 
TAVOV 
TRLOV 
TRHOZ 
Max Freq 
TAVOV 
TRLOV 
TRHOZ 
Max Freq 
TAVOV 
TRLOV 
TRHOZ 


27C256-200 
200 
75 
55 
13.06 
200.00 
109.14 
38.29 
16.81 
140.25 
75.00 
29.75 
9.09 
317.00 
176.00 
55.00 


27C256-150 
150 
60 
50 
16.06 
150.00 
80.57 
31.14 
19.23 
114..00 
60.00 
26.00 
10.00 
282.00 
156.00 
50.00 


27C256-120 
120 
55 
30 
18.62 
120.00 
63.43 
26.86 
20.20 
105.25 
55.00 
24.75 
16.67 
142.00 
76.00 
30.00 


27C512-200 
200 
70 
60 
13.06 
200.00 
109.14 
38.29 
17.54 
131.50 
70.00 
28.50 
8.33 
352.00 
196.00 
60.00 


27C512-150 
150 
60 
50 
16.06 
150.00 
80.57 
31.14 
19.23 
114.00 
60.00 
26.00 
10.00 
282.00 
156.00 
50.00 


27C512-120 
120 
55 
30 
18.62 
120.00 
63.43 
26.86 
20.20 
105.25 
55.00 
24.75 
16.67 
142.00 
76.00 
30.00 


27C010-200 
200 
70 
60 
13.06 
200.00 
109.14 
38.29 
17.54 
131.50 
70.00 
28.50 
8.33 
352.00 
196.00 
60.00 


27C010-150 
150 
60 
50 
16.06 
150.00 
80.57 
31.14 
19.23 
114.00 
60.00 
26.00 
10.00 
282.00 
156.00 
50.00 


27C010-120 
120 
55 
30 
18.62 
120.00 
63.43 
26.86 
20.20 
105.25 
55.00 
24.75 
16.67 
142.00 
76.00 
30.00 


27C020-200 
200 
70 
60 
13.06 
200.00 
109.14 
38.29 
17.54 
131.50 
70.00 
28.50 
8.33 
352.00 
196.00 
60.00 


27C020-150 
150 
60 
50 
16.06 
150.00 
80.57 
31.14 
19.23 
114.00 
60.00 
26.00 
10.00 
282.00 
156.00 
50.00 


27C040-200 
200 
70 
60 
13.06 
200.00 
109.14 
38.29 
17.54 
131.50 
70.00 
28.50 
8.33 
352.00 
196.00 
60.00 


27C040-150 
150 
60 
50 
16.06 
150.00 
80.57 
31.14 
19.23 
114.00 
60.00 
26.00 
10.00 
282.00 
156.00 
50.00 


--l 


Flash 
tACC 
tOE 
tOF 
twP 
Max Freq 
TAVOV 
TRLOV 
TRHOZ 
TWLWH 


28F256A-150 
150 
55 
35 
60 
14.29 
177.00 
96.00 
35.00 
120.00 


28F256A-120 
120 
50 
30 
60 
16.67 
142.00 
76.00 
30.00 
100.00 


28F512-150 
150 
55 
35 
60 
14.29 
177.00 
96.00 
35.00 
120.00 


26F512-120 
120 
50 
30 
60 
16.67 
142.00 
76.00 
30.00 
100.00 


28F010-150 
150 
55 
35 
60 
14.29 
177.00 
96.00 
35.00 
120.00 


28F010-120 
120 
50 
30 
60 
16.67 
142.00 
76.00 
30.00 
100.00 


28F020-200 
200 
60 
40 
60 
12.50 
212.00 
116.00 
40.00 
140.00 


28F020-150 
150 
55 
35 
60 
14.29 
177.00 
96.00 
35.00 
120.00 . 


28F001 BX-150 
150 
55 
35 
50 
14.29 
177.00 
96.00 
35.00 
120.00 


28F001 BX-120 
120 
50 
30 
50 
16.67 
142.00 
76.00 
30.00 
100.00 


NOTE: 
A latch delay of 13 ns is included in 
the calculations. 
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Mode 3 


Based on tACC 
Based on tOE 
Based on tOF 


EPROMs 
tACC 
tOE 
tOF 
Max Freq 
TAVOV 
TRLOV 
TRHOZ 
Max Freq 
TAVOV 
TRLOV 
TRHOZ 
Max Freq 
TAVOV 
TRLOV 
TRHOZ 


27C256-200 
200 
75 
55 
11.19 
200.00 
59.33 
89.33 
9.52 
247.00 
75.00 
105.00 
18.18 
97.00 
25.00 
55.00 


27C256-150 
150 
60 
50 
13.76 
150.00 
42.67 
72.67 
11.11 
202.00 
60.00 
90.00 
20.00 
82.00 
20.00 
50.00 


27C256-120 
120 
55 
30 
15.96 
120.00 
32.67 
62.67 
11.76 
187.00 
55.00 
85.00 
33.33 
22.00 
0.00 
30.00 


27C512-200 
200 
70 
60 
11.19 
200.00 
59.33 
89.33 
10.00 
232.00 
70.00 
100.00 
16.67 
112.00 
30.00 
60.00 


27C512-150 
150 
60 
50 
13.76 
150.00 
42.67 
72.67 
11.11 
202.00 
60.00 
90.00 
20.00 
82.00 
20.00 
50.00 


27C512-120 
120 
55 
30 
15.96 
120.00 
32.67 
62.67 
11.76 
187.00 
55.00 
85.00 
33.33 
22.00 
0.00 
30.00 


27C010-200 
200 
70 
60 
11.19 
200.00 
59.33 
89.33 
10.00 
232.00 
70.00 
100.00 
16.67 
112.00 
30.00 
60.00 


27C010-150 
150 
60 
50 
13.76 
150.00 
42.67 
72.67 
11.11 
202.00 
60.00 
90.00 
20.00 
82.00 
20.00 
50.00 


27C010-120 
120 
55 
30 
15.96 
120.00 
32.67 
62.67 
11.76 
187.00 
55.00 
85.00 
33.33 
22.00 
0.00 
30.00 


27C020-200 
200 
70 
60 
11.19 
200.00 
59.33 
89.33 
10.00 
232.00 
70.00 
100.00 
16.67 
112.00 
30.00 
60.00 


27C020-150 
150 
60 
50 
13.76 
150.00 
42.67 
72.67 
11.11 
202.00 
60.00 
90.00 
20.00 
82.00 
20.00 
50.00 


27C040-200 
200. 
70 
60 
11.19 
200.00 
59.33 
89.33 
10.00 
232.00 
70.00 
100.00 
16.67 
112.00 
30.00 
60.00 


27C040-150 
150 
60 
50 
13.76 
150.00 
42.67 
72.67 
11.11 
202.00 
60.00 
90.00 
20.00 
82.00 
20.00 
50.00 


Flash 
tACC 
tOE 
tOF 
twP 
Max Freq 
TAVOV 
TRLOV 
TRHOZ 
TWLWH 
28F256A-150 
150 
55 
35 
60 
11.11 
202.00 
60.00 
90.00 
60.00 


28F256A-120 
120 
50 
30 
60 
11.11 
202.00 
60.00 
90.00 
60.00 


28F512-150 
150 
55 
35 
60 
11.11 
202.00 
60.00 
90.00 
60.00 


28F512-120 
120 
50 
30 
60 
11.11 
202.00 
60.00 
90.00 
60.00 


28F010-150 
150 
55 
35 
60 
11.11 
202.00 
60.00 
90.00 
60.00 


28F010-120 
120 
50 
30 
60 
11.11 
202.00 
60.00 
90.00 
60.00 


28F020-200 
200 
60 
40 
60 
11.11 
202.00 
60.00 
90.00 
60.00 


28F020-150 
150 
55 
35 
60 
11.11 
202.00 
60.00 
90.00 
60.00 


28F001 BX-150 
150 
55 
35 
50 
12.50 
172.00 
50.00 
80.00 
50.00 


28F001BX-120 
120 
50 
30 
50 
12.50 
172.00 
50.00 
80.00 
50.00 


NOTE: 
A latch delay of 13 ns is included in 
the calculations. 
_. 
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EPROMs 
tACC 
tOE 
tOF 
twP 
Mode 0 
Mode 1 
Mode 2 
Mode 3 


27C256-200 
200 
75 
55 
18.18 
10.99 
9.09 
9.52 


27C256-150 
150 
60 
50 
20.00 
13.45 
10.00 
11.11 


27C256-120 
120 
55 
30 
26.60 
15.54 
16.67 
11.76 


27C512-200 
200 
70 
60 
16.67 
10.99 
8.33 
10.00 


27C512-150 
150 
60 
50 
20.00 
13.45 
10.00 
11.11 


27C512-120 
120 
55 
30 
26.60 
15.54 
16.67 
11.76 


27C010-200 
200 
70 
60 
16.67 
10.99 
8.33 
10.00 


27C010-150 
150 
60 
50 
20.00 
13.45 
10.00 
11.11 


27C010-120 
120 
55 
30 
26.60 
15.54 
16.67 
11.76 


27C020-200 
200 
70 
60 
16.67 
10.99 
8.33 
10.00 


27C020-150 
150 
60 
50 
20.00 
13.45 
10.00 
11.11 


27C040-200 
200 
70 
60 
16.67 
10.99 
8.33 
10.00 


27C040-150 
150 
60 
50 
20.00 
13.45 
10.00 
11.11 


FLASH 


28F256A-150 
150 
55 
35 
60 
22.94 
13.45 
14.29 
11.11 


28F256A-120 
120 
50 
30 
60 
26.60 
15.54 
16.67 
11.11 


28F512-150 
150 
55 
35 
60 
22.94 
13.45 
14.29 
11.11 


28F512-120 
120 
50 
30 
60 
26.60 
15.54 
16.67 
11.11 


28F010-150 
150 
55 
35 
60 
22.94 
13.45 
14.29 
11.11 


28F010-120 
120 
50 
30 
60 
26.60 
15.54 
16.67 
11.11 


28F020-200 
200 
60 
40 
60 
18.66 
10.99 
12.50 
11.11 


28F020-150 
150 
55 
35 
60 
22.94 
13.45 
14.29 
11.11 


28F001 BX-150 
150 
55 
35 
50 
22.94 
13.45 
14.29 
12.50 


28F001 BX-120 
120 
50 
30 
50 
26.60 
15.54 
16.67 
12.50 


NOTE: 
A latch delay of 13 ns is included 
in the calculations. 
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There 
are three CCBs on the 8XCI96NT: 
CCBO, 
CCBI, and CCB2. Like the other devices in the MCS- 
96 family, following RESET a CCB fetch will occur. If 
EA = I at the end of RESET, the CCBs are fetched 
from internal 
memory. If EA 
= 0 at the end of 
RESET, the CCBs are fetched from external memory. 
But regardless of the value of EA, the extended address 
bus is forced to OFFh during the CCB fetch. Therefore, 
the CCBs must be located at OFF2018h, OFF20IAh, 
and 
OFF20ICh, 
respectively, 
in 
internal 
memory 
(EA = I). Or if the EPORT is used as an extended ad- 
dress port and EA = 0, the CCBs must be located at 
xF2018h, xF201Ah, and xF201Ch, respectively, in ex- 
ternal memory. As in the 8XCI96KR 
device, after 
RESET, the 8XCI96NT is configured to work in 16-bit 
mode, independent of the BUSWIDTH input. Howe- 


- 
. 
the CCBs are still fetched in 8-bit external systems pro- 
vided the high byte address of the CCB is 20h. After 
the CCBs are read and written to the Chip Configura- 
tion Registers (CCRs), the bus is configured as either 
8-bit, 16-bit, or BUSWIDTH-controlled 
based on the 
CCBs. The CCRs are written only during the reset se- 
quence. The device must be reset to change the values 
of the CCRs. 


The bits of the CCBs correspond to the bits of the 
CCRs. The CCBs and their bits' functions are shown in 
Figure 7-1. Except for some changes to CCBI and the 
addition of CCB2, the functions of CCBO and CCBI 
remain the same as the KR device so the 8XCI96KR 
User's Manual can be referenced. CCBI has the addi· 
tion of load CCB2 (LDCCB2) and bus timing mode 
select (MSELO-MSELI). 
CCB2 provides the means of 
selecting the mode of the device and the memory map- 
ping which are described in the memory map section. 


PO 


BWO 


WR 


ALE 


IRCO 


IRCI 


LOCO 


LOCl 


272315-11 


IRC2 
IRC1 
IRCO 
Max Walt States 


0 
0 
0 
Zero Wait States 


1 
0 
0 
1 Wait State 


1 
0 
1 
2 Wait States 


1 
1 
0 
3 Wait States 


1 
1 
1 
Infinite Wait States 


LOC1 
LOCO 
Function 


0 
0 
Read and Write Protected 


0 
1 
Write Protected 
Only 


1 
0 
Read Protected 
Only 


1 
1 
No Protection 


= 1 for WR/BHE 
signals 


= 0 for WRLlWRH 
signals 


= 1 for ALE signal 
= 0 for ADV signal 


REMAP 
= 1 for remap of internal 
(EP)ROM to OFF2000h 
only 


= 0 for remap 
of internal 
(EP)ROM to 002000h 
and OFF2000h 


LDCCB2 


IRC2 


BWI 


WOE 


Reserved. 
set to 1 


Reserved, set to 0 


t.CSELO 


t.CSEL 1 


272315-12 


t.Code16 


REt.CAP 
}-,,-.-,..,. 


MSEL1 
MSElO 
Bus Timing 
Mode 


0 
0 
Mode 0 (Standard 
with 1 Wait State) 


0 
1 
Mode 1 (long 
R/W-Address 
Enabled 
Sooner) 


1 
0 
Mode 2 (Early Address-ALE 
Rising 
Edge Occurs 
Sooner) 


1 
1 
Mode 3 (Standard) 


BW1 
BWO 
Bus Width 


0 
0 
IllEGAL 


0 
1 
16-BitOnly 


1 
0 
8-BitOnly 


1 
1 
BW Pin Controlled 


lDCCB2 
= 1 for CCB2 Fetch 
= 0 for no CCB2 
Fetch 


• 


8.0 
QUESTIONS AND ANSWERS 


Q: Where are the interrupt vectors located? 
A: The interrupt vectors are located at OFF2000h to 
OFF2013h and OFF2030h to OFF203Fh. 


Q: If the device is operating in 24-bit mode can the 
EPORT be used for I/O? 
A: Yes, the EP_REG 
drives a value on the EPORT if 
the output option is selected by EP_MODE 
and 
EP_DIR 
for a given pin. 


Q: Will access to all SFRs always default to page OOh, 
thus accessible using LD/ST instructions? 
A: No, SFRs for the EPORT, Port 3, 4, and 5, and 
Slave Port can only be accessed with ELDIEST in- 
structions if the current value on the extended ad- 
dress bus is a value other than OOh.All other SFRs 
can be accessed using the LD/ST instructions and 
windowing. 


Q: Can access to the Register File, located at 00- 
3FFh, 
be accomplished 
using non-extended 
ad- 
dressing instructions regardless of current page in 
EP_REG? 


A: Yes, access to Register File always defaults to page 
OOh. 


Q: Are there any special considerations when operat- 
ing in 24-bit mode and using the stack? 
A: Yes, a subroutine call will decrement the SP by 4 
and push a 4-byte return address onto the stack. 
Similarly, the return instruction pops a 4-byte re- 
turn address and increments SP by 4. 


Q: Why is the data being written to OAOOOhwith a 
l6-bit instruction actually written to OFFAOOOh? 
A: The contents of EP_REG 
is OFFh. EP_REG 
must be cleared to OOhor an extended address in- 
struction must be used to write to memory regions 
in page OOh. 


Q: What page does the stack pointer (SP) point to? 
A: The value in the EP_REG 
determines the page 
that the SP points to. So if SP = 
lOOOhand 
EP_REG 
= Olh, the operations on the stack will 
be performed starting at OllOOOh. 
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II 


INDUSTRIAL MOTOR CONTROL 
MICROCONTROLLER 
87C196MC 
16 Kbytes of On-Chip OTPROM· 


83C196MC 
16 Kbytes of On-Chip ROM 


• 
High Performance 
CHMOS 
16-Bit CPU 


• 
16 Kbytes 
of On-Chip OTPROM/ROM 


• 
488 bytes of On-Chip 
Register 
RAM 


• 
Register 
to Register 
Architecture 


• 
Up to 53 I/O 
Lines 


• 
Peripheral 
Transaction 
Server 
(PTS) 
with 11 Prioritized 
Sources 


• 
Event Processor 
Array (EPA) 
- 
4 High Speed Capture/Compare 
Modules 
- 
4 High Speed Compare 
Modules 


• 
Extended 
Temperature 
Standard 


• 
Two 16-Bit Timers 
with Quadrature 
Decoder 
Input 


• 
3-Phase 
Complementary 
Waveform 
Generator 


• 
13 Channel 
8/10-Bit 
A/D 
with Sample/ 
Hold with Zero Offset 
Adjustment 
H/W 


• 
14 Prioritized 
Interrupt 
Sources 


• 
Flexible 8/16-Bit 
External 
Bus 


• 
1.75!-,-s 16 x 16 Multiply 


• 
3!-'-s 32/16 
Divide 


• 
Idle and Power Down Modes 


The 8XC196MC 
is a 16-bit microcontroller 
designed 
primarily 
to control 
3 phase AC induction 
and DC brush- 


less motors. 
The 8XC196MC 
is based on Intel's MCS@-96 16-bit architecture 
and is manufactured 
with Intel's 
CHMOS 
process. 


The 
8XC196MC 
has a three 
phase 
waveform 
generator 
specifically 
designed 
for use in "Inverter" 
motor 
control 
applications. 
This peripheral 
allows for pulse width modulation, 
three phase sine wave generation 
with 
minimal 
CPU intervention. 
It generates 
3 complementary 
non-overlapping 
PWM pulses 
with resolutions 
of 
0.125 
/Ls (edge trigger) 
or 0.250 
/Ls (centered). 


The 8XC196MC 
has 16 Kbytes on-chip 
OTPROM/ROM 
and 488 bytes of on-chip 
RAM. It is available 
in three 
packages; 
PLCC (84-L), SDIP (64-L) and EIAJ/QFP 
(80-L). 


The 87C196MC 
contains 
16 Kbytes on-chip 
OTPROM. 
The 83C196MC 
contains 
16 Kbytes on-chip 
ROM. All 
references 
to the 80C196MC 
also refers to the 83C196MC 
and 87C196MC 
unless 
noted. 


'OTPROM 
(One Time 
Programmable 
Read Only Memory) 
is the same as EPROM 
but it comes 
in an unwindowed 
package 


and cannot 
be erased. 
It is user programmable. 


• 


PORT 
5 


CONTROL 
SIGNALS 


ADDR/ 
DATA 
BUS 


NOTE: 
Connections 
between 
the standard 
110 ports 
and the bus are not shown. 


This device 
is manufactured 
on PX29.5, 
a CHMOS 
III-E process. 
Additional 
process 
and reliability 
infor- 
mation 
is available 
in Intel's 
Components 
Qua/ity 
and Re/iability 
Handbook, 
Order Number 
210997. 


~ 


x ~cy ~~,;"s_ 
L----..: 
NoWorkE16WHz 


!ole 
Produet 
romily 


CHWOS 
Technology 


Program Wemor)' Option.: 
7 = (PROW 
(Not, 
I) 
3=AOW 
L- 
Paekog, 
T),J"' Option.: 


N = 84-lead 
PlCC 
S = 80-I.ad 
Qrp 


U = 64-I.ad 
SOIP 


'----------- 
Temp-roture 
and 
Burn-in 
Option.: 
No Work = -40oe 
to 
+850C 
Ambi,nt 
with 


Intel 
Standard 
Burn-in 


EXAMPLE: 
N87C196MC 
is 84-Lead 
PLCC 
OTPROM, 
16 MHz. 
For 
complete 
package 
dimensional 
data, 
refer 
to the 


Intel Packaging 
Handbook 
(Order 
Number 
240800). 


NOTE: 
1. EPROMs 
are available 
as One Time 
Programmable 


(OTPROM) 
only. 


Figure 3. The 8XC196MC 
Family Nomenclature 


Package 
°ja 
Ole 
Type 


PLCC 
35°C/W 
13°C/W 


QFP 
56°C/W 
12°C/W 


SDIP 
TBD 
TBD 


All 
thermal 
impedance 
data 
is approximate 
for 
static 
air 


conditions 
at 1W of power 
dissipation. 
Values 
will change 
depending 
on 
operation 
conditions 
and 
application. 
See 


the Intel Packaging 
Handbook 
(order 
number 
240800) 
for a 
description 
of Intel's 
thermal 
impedance 
test methodology. 


Description 
Address 


External Memory or I/O 
OFFFFH 
06000H 


Internal ROM/EPROM 
or External 
5FFFH 
Memory 
(Determined 
by EA) 
2080H 


Reserved. 
Must contain 
FFH. 
207FH 
(Note 5) 
205EH 


PTS Vectors 
205DH 
2040H 


Upper Interrupt 
Vectors 
203FH 
2030H 


ROM/EPROM 
Security 
Key 
202FH 
2020H 


Reserved. 
Must contain 
FFH. 
201FH 
(Note 5) 
201CH 


Reserved. 
Must Contain 
20H 
201BH 
(Note 5) 


CCB1 
201AH 


Reserved. 
Must Contain 20H 
2019H 
(Note 5) 


CCBO 
2018H 


Reserved. 
Must contain 
FFH. 
2017H 
(Note 5) 
2014H 


Lower Interrupt Vectors 
2013H 
2000H 


SFR's 
1FFFH 
1FOOH 


External 
Memory 
1EFFH 
0200H 


488 Bytes Register 
RAM (Note 1) 
01FFH 
0018H 


CPU SFR's (Notes 1, 3) 
0017H 
OOOOH 


NOTES: 
1. Code 
executed 
in locations 
OOOOH to 
03FFH 
will 
be 


forced 
external. 


2. Reserved 
memory 
locations 
must 
contain 
OFFH unless 


noted. 
3. Reserved 
SFR bit locations 
must contain 
O. 


4. Refer to 8XC196KC 
for SFR descriptions. 


5. 
WARNING: 
Reserved 
memory 
locations 
must 
not 
be 


written 
or read. 
The contents 
and/or 
function 
of these 
lo- 
cations 
may 
change 
with 
future 
revisions 
of 
the 
device. 
Therefore, 
a program 
that 
relies 
on one or more 
of these 


locations 
may not function 
properly. 


• 


Vss 


PS.O/ALE 


Vpp 


PS.3/RD 
PS.s,!BHE 


PS.2!WR 


PS.7/BUSW 


• P4.6/AOU 


• P4.S/ADI3 


• P4.7/ADIS 


VCC 
P4.4/AD12 


P4.3/AD11 


P4.2/AD10 


P4.1/AD09 


P4.0/ 
AD08 


P3.7/AD07 


P3.6/ 
AD06 


P3.S/ADOS 


P3.4/AD04 


P3.3/ 
AD03 


P3.2/AD02 


P3.1/ADO 1 


P3.0/ADOO 


RESET 


NMI 
EA 


VSS 


VCC 
P6.5/WG3 


P6.4/WG3 


P6.3/WG2 


64 
PS.6/READY 


PS.4 


EXTINT 


VSS 
XTAL1 


XTAL2 


P6.6/PWMO 


P6.7/PWMI 


P2.6/COMPARE2/CPVER 


P2.5/COMPARE 1!PAcT 


P2.4/COMPAREO!AJNC 


P2.3/CAPCOM3 


P2.2/CAPCOM2/PROG 


51 
P2.1 /CAPCOM1/PALE 


P2.0/CAPCOMO/PVER 


PO.O/ ACHO 


PO.l/ACH 1 


PO.2/ ACH2 


PO.3/ACH3 


PO.4/ ACH4/PMODLO 


PO.S/ ACHS/PMODLI 


VREr 
AGND 


PO.6/ACH6/PMODL2 


PO.7 / ACH7/PMODL3 


PLO/ACH8 


Pl.l 
/ ACH9 


Pl.2/ 
ACH10 


P1.3/ACH11 


P6.0/WGI 


P6.1/WGI 


P6.2/WG2 


NOTE: 
·The 
pin sequence 
is correct. 


The 54-Lead 
SDIP package 
does not include 
the following 
pins: P1.4/ACH12, 
P2.7/COMPARE3, 
P5.1/INST, 
CLKOUT. 
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P4.7/ADIS 
P2.S/COt.4PARE1/Pill 


P4.S/ADI4 
P2.4/C0t.4PAREO/ 
AINC 


VCC 
NC 


P4.S/ADI3 
71 
NC 


CLKOUT 
P2. 7 /COt.4PARE3 
III 


P4.4/AD12 
P2.3/CAPCOt.4P3 


P4.3/AD11 
P2.2/CAPCOt.4P2/PROG 


P4.2/AD10 
INTEL 
NC 


P4.1/AD09 
8XC196MC 
NC 


P4.0/ 
ADOS 
P2.1/CAPCOt.4Pl/PALE 


NC 
Top view 
looking 
down 
P2.0/CAPCOt.4PO/PVER 


NC 
on component 
side 
NC 


P3. 7/ 
AD07 
of 
PC board 
PO.O/ACHO 


P3.S/ 
ADOS 
PO.l/ACH 
1 


P3.S/ 
AOOS 
PO.2/ 
ACH2 


P3A/ 
AD04 
PO.3/ACH3 


P3.3/AD03 
POA/ 
ACH4/Pt.40DE.0 


P3.2/ 
AD02 
PO.S/ 
ACHS/Pt.40DE.l 


P3.1/AOOI 
VREf 


P3.0/ADOO 
AGND 


NC 
PO.S/ 
ACHS/Pt.40DE.2 
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NOTE: 
NC means 
No Connect. 
Do not connect 
these 
pins. 


Figure 3. 84·Lead 
PLCC Package 


PS.2!WR 


PS.7/BUSW 


P4.7/A01S 


P4.6/A014 


VCC 
P4.S/A013 


CLKOUT 


P4.4/A012 


P4.3/AOll 


P4.2/A010 


P4.1/A009 


P4.0/ 
.60008 


P3. 7/.60007 


P3.6/ 
.60006 


P3.S/ ADOS 


P3.4/A004 


P3.3/ 
.60003 


P3.2/ 
.60002 


P3.1/A001 


P3.0/ 
.60000 


NC 
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NOTE: 
NC means 
No Connect. 
Do not connect 
these 
pins. 


P6.7 /PW~l 


P2.6/CO~PARE2/CPVER 


P2.S/CO~PARE1/PACT 


P2.4/CO~PAREO/AiNC 


NC 


NC 


P2. 7/CO~PARE3 


P2.3/CAPCO~P3 


P2.2/CAPCO~P2/PROG 


NC 


NC 


P2. 1/CAPCO~P 1/PALE 


P2.0/CAPCO~PO/PVER 


NC 


PO.O/ACHO 


PO.l/ACHl 


PO.2/ ACH2 


PO.3/ ACH3 


PO.4/ ACH4/P~OOE.0 


PO.S/ ACHS/P~OOE.l 


VREF 
AGNO 


PO.6/ ACH6/P~OOE.2 


PO.7/ ACH7/P~OOE.3 


Symbol 
Function 


ACHO-ACH12 
Analog inputs to the on-chip A/D converter. 
ACHO-7 
share the input pins 
(PO.0-PO.7, 
P1.0-P1.4) 
with PO.0-7 
and ACH8-12 
share pins with P1.0-4. 
If the A/D 
is not used, 
the port pins can be used as standard 
input ports. 


ANGND 
Reference 
ground for the A/D converter. 
Must be held at nominally 
the 
same potential 
as Vss. 


ALE/ ADV(P5.0) 
Address 
Latch Enable or Address 
Valid output, as selected 
by CCR. Both 
options 
allow a latch to demultiplex 
the address/data 
bus on the signal's 
falling edge. When the pin is ADV, it goes inactive (high) at the end of the 
bus cycle. ALE/ ADV is active only during external 
memory accesses. 
Can be 
used as standard 
I/O when not used as ALE/ ADV. 


BHE/WRH 
(P5.5) 
Byte High Enable or Write High output, as selected 
by the CCR. BHE will go 
low for external writes to the high byte of the data bus. WRH will go low for 
external writes where an odd byte is being written. 
BHE/WRH 
is activated 
only during external 
memory writes. 


BUSWIDTH 
(P5.7) 
Input for bus width selection. 
If CCR bits 1 and 2 = 1, this pin dynamically 
controls 
the bus width of the bus cycle in progress. 
If BUSWIDTH 
is low, an 
8-bit cycle occurs. If it is high, a 16-bit cycle occurs. This pin can be used as 
standard 
I/O when not used as BUSWIDTH. 


CAPCOMPO-CAPCOMP3 
The EPA Capture/Compare 
pins. These pins share P2.0-P2.3. 
If not used 
(P2.0-P2.3) 
for the EPA, they can be configured 
as standard 
I/O pins. 


CLKOUT 
Output of the internal clock generator. 
The frequency 
is % of the oscillator 
frequency. 
It has a 50% duty cycle. 


COMPAREO-COMPARE3 
The EPA Compare 
pins. These pins share P2.4-P2.7. 
If not used for the 
(P2.4-P2.7) 
EPA, they can be confiQured as standard 
I/O pins. 


EA 
External Access enable pin. EA = 0 causes all memory accesses 
to be 
external to the chip. EA = 1 causes memory accesses 
from location 
2000H 
to 5FFFH to be from the on-chip OTPROM/QROM. 
EA = 12.5V causes 
execution 
to begin in the programming 
mode. EA is latched at reset. 


EXTINT 
A programmable 
input on this pin causes a maskable 
interrupt vector 
through 
memory location 
203CH. The input may be selected 
to be a 
positive/negative 
edge or a high/low 
level using WG_PROTECT 
(1FCEH). 


INST (P5.1) 
INST is high during the instruction 
fetch from the external 
memory and 
throughout 
the bus cycle. It is low otherwise. 
This pin can be configured 
as 
standard 
I/O if not used as INST. 


NMI 
A positive transition 
on this pin causes a non-maskable 
interrupt which 
vectors to memory location 
203EH. If not used, it should be tied to Vss. May 
be used by Intel Evaluation 
boards. 


PORTO 
8-bit high impedance 
input-only 
port. Also used as AID converter 
inputs. 
PortO pins should not be left floating. These pins also used to select 
programming 
modes in the OTPROM 
devices. 


PORT1 
5-bit high impedance 
input-only 
port. P1.0-P1.4 
are also used as AID 
converter 
inputs. In addition, 
P1.2 and P1.3 can be used as Timer 1 clock 
input and direction 
select respectively. 


PORT2 
8-bit bidirectional 
I/O port. All of the Port2 pins are shared with the EPA I/O 
pins (CAPCOMPO-3 
and COMPAREO-3). 


PORT3 
8-bit bidirectional 
I/O ports with open drain outputs. These pins are shared 
PORT4 
with the multiplexed 
address/data 
bus which uses strong internal 
pullups. 


PORT5 
8-bit bidirectionalJ{9 
port. 7 of the pins are shared with bus control 
signals 
(ALE, INST, WR, RD, BHE, READY, BUSWIDTH). 
Can be used as standard 
I/O. 


III 


Symbol 
Function 


PORT6 
8-bit output port. P6.6 and P6.7 output PWM, the others are used as the Wave 
Form Generator 
outputs. Can be used as standard 
output ports. 


PWMO, PWM1 
Programmable 
duty cycle, Programmable 
frequency 
Pulse Width Modulator 
(P6.6, P6.7) 
pins. The duty cycle has a resolution 
of 256 steps, and the frequency 
can vary 
from 122 Hz to 31 KHz (16 MHz input clock). Pins may be configured 
as 
standard 
output if PWM is not used. 


RD (P5.3) 
Read signal output to external 
memory. 
RD is low only during external 
memory 
reads. Can be used as standard 
I/O when not used as RD. 


READY (P5.6) 
Ready input to lengthen 
external 
memory cycles. If READY = 0, the memory 
controller 
inserts wait states until the next positive transition 
of CLKOUT 
occurs with READY = 1. Can be used as standard 
I/O when not used as 
READY. 


RESET 
Reset input to and open-drain 
output from the chip. Held low for at least 16 
state times to reset the chip. Input high for normal operation. 
RESET has an 
Ohmic internal pullup resistor. 


T1CLK 
Timer 0 Clock input. This pin has two other alternate 
functions: 
ACH 10 and 
(P1.2) 
P1.2. 


T1DIR 
Timer 0 Direction 
input. This pin has two other alternate 
functions: 
ACH11 and 
(P1.3) 
P1.3. 


Vpp 
The programming 
voltage 
is applied to this pin. It is also the timing pin for the 
return from Power Down circuit. Connect 
this pin with a 1 JLFcapacitor 
to Vss 
and a 1 MfI. resistor to Vcc. If the Power Down feature is not used, connect 
the pin to Vcc. 


WG1-WG3/WG1-WG3 
3 phase output signals and their complements 
used in motor control 
(P6.0-P6.5) 
applications. 
The pins can also be configured 
as standard 
output pins. 


WR/WRL 
(P5.2) 
Write and Write Low output to external 
memory. WR will go low every external 
write. WRL will go low only for external writes to an even byte. Can be used as 
standard 
I/O when not used as WR/WRL. 


XTAL1 
Input of the oscillator 
inverter and the internal clock generator. 
This pin should 
be used when using an external 
clock source. 


XTAL2 
Output of the oscillator 
inverter. 


PMODE 
Determines 
the EPROM programming 
mode. 
(PO.4-7) 


PACT 
A low signal in Auto Programming 
mode indicates 
that programming 
is in 
(P2.5) 
process. 
A high signal indicates 
programming 
is complete. 


PALE 
A falling edge in Slave Programming 
Mode and Auto Configuration 
Byte 
(P2.1) 
Programming 
Mode indicates 
that ports 3 and 4 contain valid programming 
address/command 
information 
(input to slave). 


PROG 
A falling edge in Slave Programming 
Mode begins programming. 
A rising edge 
(P2.2) 
ends programming. 


PVER 
A high signal in Slave Programming 
Mode and Auto Configuration 
Byte 
(P2.0) 
Programming 
Mode indicates 
the byte programmed 
correctly. 


CPVER 
Cumulative 
Program Verification. 
Pin is high if ail locations 
since entering 
a 
(P2.6) 
programming 
mode have programmed 
correctly. 


AINC 
Auto Increment. 
Active low input enables the auto increment 
mode. Auto 
(P2.4) 
increment 
will allow reading or writing of sequential 
EPROM locations 
without 
address transactions 
across the PBUS for each read or write. 


NOTICE: This data sheet contains 
preliminary 
infor- 


mation on new products in production. The specifica- 
tions are subject to change without notice. Verify with 
your local Intel Sales office that you have the latest 
data sheet before finalizing a design. 


• WARNING: Stressing the device beyond the "Absolute 
Maximum 
Ratings" 
may 
cause 
permanent 
damage. 


These are stress ratings 
only. Operation 
beyond 
the 
"Operating 
Conditions" 
is not recommended 
and ex- 


tended 
exposure 
beyond 
the 
"Operating 
Conditions" 


may affect device reliability. 


Ambient 
Temperature 
Under Bias 
- 40·C to + 85·C 


Storage Temperature 
- 65·C to + 150·C 


Voltage 
from EA or Vpp 
to Vss or ANGND 
+ 13.00V 


Voltage 
on Vpp or EO 
to Vss or ANGND 
- 0.5V to 13.0V 


Voltage 
on Any Other Pin 
to Vss or ANGND 
., 
-0.5V 
to + 7.0V(1) 


Power Dissipation 
1.5W(2) 


NOTES: 
1. This includes Vpp and EA on ROM or CPU only devices. 
2. Power dissipation is based on package heat transfer lim- 
itations, not device power consumption. 


Symbol 
Description 
Mln 
Max 
Units 


TA 
Ambient 
Temperature 
Under Bias 
-40 
+85 
·C 


Vcc 
Digital Supply Voltage 
4.50 
5.50 
V 


VREF 
Analog Supply Voltage 
4.00 
5.50 
V 


Fosc 
Oscillator 
Frequency 
8 
16 
MHz 


NOTE: 
ANGND and Vss should be nominally at the same potential. Also Vss and VSS1must be at the same potential. 


Symbol 
Parameter 
Mln 
Max 
Units 
Test Conditions 


VIL 
Input Low Voltage 
-0.5 
0.3 Vcc 
V 


VIH 
Input High Voltage 
0.7Vcc 
Vcc 
+ 0.5 
V 


VOL 
Output Low Voltage 
0.3 
V 
IOL = 200 IJ-A 
Port 2 and 5, P6.6, P6.7, 
0.45 
V 
IOL = 3.2 mA 
CLKOUT 
1.5 
V 
IOL = 7 mA 


VOl1 
Output Low Voltage on Port 3/4 
1.0 
V 
IOL = 15 mA 


VOL2 
Output Low Voltage 
on 
0.45 
V 
IOL = 10 mA 
Port 6.0-6.5 


VOH 
Output High Voltage 
Vcc 
- 
0.3 
V 
IOH = -200 
IJ-A 
Vcc 
- 
0.7 
V 
IOH = -3.2mA 
Vcc 
- 
1.5 
V 
IOH = -7 
mA 


Vth+-Vth- 
Hysteresis 
Voltage Width on 
0.2 
V 
Typical 
RESET and All Input Pins except 
Port 3, Port 4 and Port 5 besides 
P5.3 


•• 


Symbol 
Parameter 
Min 
Typ 
Max 
Units 
Test Conditions 


III 
Input Leakage Current on All Input 
±10 
p..A 
OV < VIN < Vee-0.3V 
(in RESET) 


Only Pins 


ILl1 
Input Leakage 
Current on PortO 
±3 
p..A 
OV < VIN < VREF 
and Port1 


IlL 
Input Low Current on SD Ports 
-70 
p..A 
VIN = 0.3 Vee 
(Note 1) 


11L1 
Input Low Current on P5.4 and 
-7 
mA 
0.2Vce 
P2.6 during Reset 
. 


IOH 
Output High Current on P5.4 and 
-2 
mA 
0.7 Vee 
P2.6 during Reset 


Ice 
Active Mode Current in Reset 
50 
70 
mA 
XTAL1 = 16 MHz, 


IREF 
AID Conversion 
Reference 
Current 
2 
5 
mA 
Vee = Vpp = VREF = 5.5V 


IIDL 
Idle Mode Current 
15 
30 
mA 


IpD 
Power-Down 
Mode Current 
5 
50 
p..A 
Vee = Vpp = VREF = 5.5V 


RRST 
RESET Pin Pullup Resistor 
6k 
65k 
n 


Cs 
Pin Capacitance 
(Any Pin to VSS) 
10 
pF 
FTEST = 1.0 MHz 


NOTES: 
1. BD (Bidirectional ports) include: 
1"2.0-1"2.7, 
except 1"2.6 
1"3.0-1"3.7 
1"4.0-1"4.7 
1"5.0-1"5.3 
1"5.5-1"5.7 
2. During normal (non-transient) conditions, the following total current limits apply: 


1"6.0-1"6.5 
IOL: 40 mA 
IOH: 28 mA 
1"3 
IOL: 90 mA 
IOH: 42 mA 
1"4 
IOL: 90 mA 
IOH: 42 mA 
1"5, eLKOUT 
IOL: 35 mA 
IOH: 35 mA 
1"2,1"6.6,1"6.7 
IOL: 63 mA 
IOH: 63 mA 


Each symbol 
is two pairs of letters 
prefixed 
by "T" 
for time. The characters 
in a pair indicate 
a signal and its 
condition, 
respectively. 
Symbols 
represent 
the time between 
the two signal/condition 
points. 


Signals: 


A 
- 
Address 


B 
-BHE 


C 
-CLKOUT 


D 
- 
DATA 


G 
- 
Buswidth 


H 
- 
HOLD 


HA-HLDA 


L 
-ALE/ADV 


BR-BREQ 


R 
-RD 


W 
- 
WR/WRH/WRL 


X 
- 
XTAL1 


Y 
- 
READY 


Q 
- 
Data Out 


H 
- 
High 


L 
- 
Low 


V 
-Valid 


X 
- 
No Longer Valid 


Z 
- 
Floating 


AC ELECTRICAL 
CHARACTERISTICS 
(Over Specified 
Operating 
Conditions) 
Test Conditions: 
Capacitive 
load on all pins = 100 pF, Rise and fall times = 10 ns, Fosc = 16 MHz. 


Symbol 
Parameter 
Min 
Max 
Units 
Notes 


FXTAL 
Frequency 
on XT AL 1 
8 
16 
MHz 
3 


TOSC 
1/FxTAL 
62.5 
125 
ns 


TAVYV 
Address 
Valid to READY Setup 
2 Tosc 
- 
75 
ns 


TLLYV 
ALE Low to READY Setup 
Tosc 
- 
70 
ns 
4 


TYLYH 
Not READY Time 
No Upper Limit 
ns 


TCLYX 
READY Hold after CLKOUT 
Low 
0 
Tosc 
- 
30 
ns 
1 


TLLYX 
READY Hold after ALE Low 
Tosc 
- 
15 
2 Tosc 
- 
40 
ns 
1 


TAVGV 
Address 
Valid to BUSWIDTH 
Setup 
2 Tosc 
- 
75 
ns 


TLLGV 
ALE Low to BUSWIDTH 
Setup 
Tosc 
- 
60 
ns 
4 


TCLGX 
Buswidth 
Hold after CLKOUT 
Low 
0 
ns 


TAVDV 
Address 
Valid to Input Data Valid 
3 Tosc 
- 
55 
ns 
2 


TRLDV 
RD Active to Input Data Valid 
Tosc 
- 
22 
ns 
2 


TCLDV 
CLKOUT 
Low to Input Data Valid 
Tosc 
- 
50 
ns 


TRHDZ 
End of RD to Input Data Float 
Tosc 
ns 


TRXDX 
Data Hold after RD Inactive 
0 
ns 


NOTES: 
1. If Max is exceeded, 
additional 
wait states 
will occur. 


2. If wait states 
are used, add 2 Tose 
• N, where 
N = number 
of wait states. 


3. Testing 
performed 
at 8 MHz. However, 
the device 
is static 
by design 
and will typically 
operate 
below 
1 Hz. 
4. These 
timings 
are included 
for compatibility 
with older 
- 90 and BH products. 
They 
should 
not be used for newer 
high- 
speed 
designs. 


II 


Symbol 
Parameter 
Min 
Max 
Units 
Notes 


TXHCH 
XTAL 1 to CLKOUT 
High or Low 
30 
110 
ns 


TCLCL 
CLKOUT 
Cycle Time 
2 Tosc 
ns 


TCHCL 
CLKOUT 
High Period 
Tosc 
- 
10 
Tosc + 15 
ns 


TCLLH 
CLKOUT 
Falling Edge to ALE Rising 
-5 
15 
ns 


TLLCH 
ALE Falling Edge to CLKOUT 
Rising 
-20 
15 
ns 


TLHLH 
ALE Cycle Time 
4 TosC 
ns 
3 


TLHLL 
ALE High Period 
Tosc 
- 
10 
Tosc + 10 
ns 


TAVLL 
Address 
Setup to ALE Falling Edge 
Tosc 
- 
15 
ns 


TLLAX 
Address 
Hold after ALE Falling 
Tosc 
- 
40 
ns 


TLLRL 
ALE Falling Edge to RD Falling 
Tosc 
- 
30 
ns 


TRLCL 
RD Low to CLKOUT 
Falling Edge 
4 
30 
ns 


TRLRH 
RD Low Period 
TosC - 
5 
Tosc + 25 
ns 
3 


TRHLH 
RD Rising Edge to ALE Rising Edge 
Tosc 
Tosc + 25 
ns 
1 


TRLAZ 
RD Low to Address 
Float 
5 
ns 


TLLWL 
ALE Falling Edge to WR Falling 
Tosc 
- 
10 
ns 


TCLWL 
CLKOUT 
Low to WR Falling Edge 
0 
25 
ns 


TQVWH 
Data Stable to WR Rising Edge 
Tosc 
- 
23 
ns 


TCHWH 
CLKOUT 
High to WR Rising Edge 
-10 
15 
ns 


TWLWH 
WR Low Period 
TOSC - 
30 
ns 
3 


TWHQX 
Data Hold after WR Rising Edge 
Tosc 
- 
25 
ns 


TWHLH 
WR Rising Edge to ALE Rising Edge 
Tosc 
- 
10 
Tosc + 15 
ns 
1 


TWHBX 
SHE, INST Hold after WR Rising 
Tosc 
- 
10 
ns 


TWHAX 
AD8-15 
Hold after WR Rising 
TOSC - 
30 
ns 
2 


TRHBX 
SHE, INST Hold after RD Rising 
Tosc 
- 
10 
ns 


TRHAX 
AD8-15 
Hold after RD Rising 
TOSC - 
30 
ns 
2 


NOTES: 
1. Assuming 
back to back cycles. 


2. 8·bit bus only. 
3. If wait states 
are used, add 2 Tosc'N, 
where 
N = number 
of wait states. 


__ I 
T 


XHCH1=T 


CHCl=1 
_ 


TCllH-J 
~ 
TllCH --l 
I-- 


--<,.-----------VA-l-ID-----r-----~-:~-:-~-3 
..... 
_-_-_-_-_-_-_-_-_-_-_-_-_-_-_-_- 
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ADDRESS 
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~ 
--------- 
• 
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Symbol 
Parameter 
Min 
Max 
Units 


1/TXLXL 
Oscillator 
Frequency 
8 
16.0 
MHz 


TXLXL 
Oscillator 
Period 
62.5 
125 
ns 


TXHXX 
High Time 
22 
ns 


TXLXX 
Low Time 
. 
22 
ns 


TXLXH 
Rise Time 
10 
ns 


TXHXL 
Fall Time 
10 
ns 


NOTE: 
Keep 
oscillator 
components 
close 
to 
chip 
and 
use 
short, direct 
traces 
to XTAL1, XTAL2 and Vss. When 
using crystals, C1 = 20 pF, C2 = 20 pF. When using 
ceramic 
resonators, 
consult 
manufacturer 
for 
recom- 
mended circuitry. 


An external 
oscillator 
may encounter 
as much as a 100 pF load at XTAL 1 when 
it starts-up. 
This is due to 


interaction 
between 
the amplifier 
and its feedback 
capacitance. 
Once the external 
signal 
meets the VIL and 
VIH specifications 
the capacitance 
will not exceed 
20 pF. 


3.5V=x 2.0 > 
TEST POINTS < 
2.0 x== 


O.45V 
0.8 
0.8 


270946-9 
AC Testing inputs are driven at 3.5V for a Logic "1" and 0.45V for 
a Logic "0". Timing measurements are made at 2.0V for a Logic 
"I" 
and 0.8V for a Logic "0". 


VOL +0.1 
V 


270946-10 
For Timing Purposes a Port Pin is no Longer Floating when a 
100 mV change from Load Voltage Occurs and Begins to Float 
when a 100 mV change from the Loaded VOHIVOL Level occurs 
IOL/IOH = ,; ± 15 mA. 


a 


The sample and conversion 
time of the AID 
convert- 
er in the 
a-bit 
or 10-bit 
modes 
is programmed 
by 
loading 
a byte into the AD_TIME 
Special 
Function 
Register. 
This allows 
optimizing 
the AID 
operation 
for specific 
applications. 
The AD_TIME 
register 
is 
functional 
for all possible 
values, but the accuracy 
of 
the AID 
converter 
is only guaranteed 
for the times 
specificed 
in the operating 
conditions 
table. 


The value 
loaded 
into AD_TIME 
bits 5, 6, 7 deter- 
mines the sample 
time, TSAM, and is calculated 
us- 
ing the following 
formula: 


SAM = (TSAM x Foscl 
- 
2 
a 


TSAM = Sample 
time, J-los 
Fosc 
= Processor 
frequency, 
MHz 
SAM = Value loaded 
into AD_TIME 
bits 5, 6, 7 


SAM must be in the range 
1 through 
7. 


The 
value 
loaded 
into 
AD_TIME 
bits 
0-5 
deter- 
mines the conversion 
time, TCONY, and is calculated 
using the following 
formula: 


CONV 
,,;, (TCONY x Foscl 
- 
3 _ 1 
28 


FOSC = Processor 
frequency, 
MHz 
8 = a for a-bit conversion 
8 = 10 for 10-bit conversion 
CONV 
= Value loaded 
into AD_TIME 
bits 0-5 


The converter 
is ratiometric, 
so absolute 
accuracy 
is 


dependent 
on the 
accuracy 
and 
stability 
of VREF. 


VREF must be close to VCC since it supplies 
both the 
resistor 
ladder and the analog portion of the convert- 
er and input port pins. There 
is also an AD_TEST 
SFR 
that 
allows 
for 
conversion 
on 
ANGND 
and 
VREF as well as adjusting 
the zero offset. 
The abso- 
lute error listed is WITHOUT 
doing any adjustments. 


The specifications 
given 
assume 
adherence 
to the 
operating 
conditions 
section 
of this data sheet. Test- 


ing is performed 
with VREF = 5.12V and 16.0 MHz 
operating 
frequency. 
After 
a conversion 
is started, 


the device 
is placed 
in the IDLE mode until the con- 


version 
is complete. 


Symbol 
Description 
Min 
Max 
Units 


TA 
Ambient Temperature 
-40 
+85 
·C 


VCC 
Digital Supply Voltage 
4.50 
5.50 
V 


VREF 
Analog Supply Voltage 
4.00 
5.50 
V(1) 


TSAM 
Sample Time 
1.0 
,...s(2) 


TCONV 
Conversion 
Time 
10.0 
20.0 
,...s(2) 


Fosc 
Oscillator 
Frequency 
8.0 
16.0 
MHz 


NOTES: 
ANGND and Vss should nominally be at the same potential. 
1. VREFmust be within 0.5V of Vcc. 
2. The value of AD_TIME is selected to meet these specifications. 


Parameter 
Typical(1) 
Min 
Max 
Units' 


Resolution 
1024 
1024 
Levels 
10 
10 
Bits 


Absolute 
Error 
0 
±4 
LSBs 


Full Scale Error 
0.25 ±0.5 
LSBs 


Zero Offset Error 
0.25 ±0.5 
LSBs 


Non-Linearity 
1.0 ±2.0 
±4 
LSBs 


Differential 
Non-Linearity 
> -1 
+2 
LSBs 


Channel-to-Channel 
Matching 
±0.1 
0 
±1.0 
LSBs 


Repeatability 
±0.25 
0 
LSBs 


Temperature 
Coefficients: 


Offset 
0.009 
LSB/C 
Full Scale 
0.009 
LSB/C 
Differential 
Non-Linearity 
0.009 
LSB/C 


Off Isolation 
-60 
dB(2,3) 


Feedthrough 
-60 
dB(2) 


VCC Power Supply Rejection 
-60 
dB(2) 


Input Series Resistance 
750 
2K 
0(4) 


Voltage 
on Analog Input Pin 
ANGND 
- 0.5 
VREF + 0.5 
V(5,6) 


Sampling 
Capacitor 
3 
pF 


DC Input Leakage 
±1 
0 
±3.0 
,...A 


NOTES: 
'An "lSB", 
as used here has a value of approximately 5 mV. (See Embedded Microcontrollers and Processors Handbook 
for AID glossary of terms). 
1. These values are expected for most parts at 25°C but are not tested or guaranteed. 
2. DC to 100 KHz. 
3. Multiplexer Break-Before-Make is guaranteed. 
4. Resistance from device pin, through internal MUX, to sample capacitor. 
5. These values may be exceeded if the pin current is limited to ± 2 mA. 
6. Applying voltages beyond these specifications will degrade the accuracy of other channels being converted. 
7. All conversions performed with processor in IDLE mode. 


II 


Symbol 
Description 
Min 
Max 
Units 


TA 
Ambient Temperature 
-40 
+85 
°C 


Vee 
Digital Supply Voltage 
4.50 
5.50 
V 


VREF 
Analog Supply Voltage 
4.00 
5.50 
V(1) 


TSAM 
Sample Time 
1.0 
/-I-s(2) 


TeONv 
Conversion 
Time 
7.0 
20.0 
/-I-s(2) 


Fose 
Oscillator 
Frequency 
8.0 
16.0 
MHz 


NOTES: 
ANGND and Vss should nominally be at the same potential. 
1. VREFmust be within 0.5V of Vcc. 
2. The value of AD_TIME is selected to meet these specifications. 


Parameter 
Typical(1) 
Min 
Max 
Units" 


Resolution 
256 
256 
Level 
8 
8 
Bits 


Absolute 
Error 
0 
±1 
LSBs 


Full Scale Error 
±0.5 
LSBs 


Zero Offset Error 
±0.5 
LSBs 


Non-Linearity 
0 
±1 
LSBs 


Differential 
Non-Linearity 
> -1 
+1 
LSBs 


Channel-to-Channel 
Matching 
0 
± 1.0 
LSBs 


Repeatability 
±0.25 
LSBs 


Temperature 
Coefficients: 


Offset 
0.003 
LSB/C 
Full Scale 
0.003 
LSB/C 
Differential 
Non-Linearity 
0.003 
LSB/C 


Off Isolation 
-60 
dB(2,3) 


Feedthrough 
-60 
dB(2) 


Vee Power Supply Rejection 
-60 
dB(2) 


Input Series Resistance 
750 
2K 
0(4) 


Voltage 
on Analog 
Input Pin 
VSS- 
0.5 
VREF + 0.5 
V(5,6) 


Sampling 
Capacitor 
3 
pF 


DC Input Leakage 
±1 
0 
±3.0 
/-I-A 


NOTES: 
"An "LSB" as used here, has a value of approximately 20 mY. (See Embedded Microcontrollers and Processors Handbook 
for AID glossary of terms). 
1. These values are expected for most parts at 25°C but are not tested or guaranteed. 
2. DC to 100 KHz. 
3. Multiplexer Break-Before-Make is guaranteed. 
4. Resistance from device pin, through internal MUX, to sample capacitor. 
5. These values may be exceeded if the pin current is limited to ± 2 mA. 
6. Applying voltages beyond these specifications will degrade the accuracy of other channels being converted. 
7. All conversions performed with processor in IDLE mode. 


Symbol 
Description 
Min 
Max 
Units 


TA 
Ambient 
Temperature 
during Programming 
20 
30 
·C 


Vcc 
Supply Voltage during Programming 
4.5 
5.5 
V(1) 


VREF 
Reference 
Supply Voltage during Programming 
4.5 
5.5 
V(1) 


Vpp 
Programming 
Voltage 
12.25 
12.75 
V(2) 


VEA 
EA Pin Voltage 
12.25 
12.75 
V(2) 


Fosc 
Oscillator 
Frequency 
during Auto 
6.0 
8.0 
MHz 
and Slave Mode Programming 


Tosc 
Oscillator 
Frequency 
during 
6.0 
12.0 
MHz 
Run-Time 
Programming 


NOTES: 
1. Vcc and VREFshould nominally be at the same voltage during programming. 
2. Vpp and VEAmust never exceed the maximum specification, or the device may be damaged. 
3. Vss and ANGND should nominally be at the same potential (OV). 
4. Load capacitance during Auto and Slave Mode programming = 150 pF. 


Symbol 
Parameter 
Mln 
Max 
Units 


TSHLL 
Reset High to First PALE Low 
1100 
Tosc 


TLLLH 
PALE Pulse Width 
50 
Tosc 


TAVLL 
Address 
Setup Time 
'0 
Tosc 


TLLAX 
Address 
Hold Time 
100 
Tosc 


TpLDV 
PROG Low to Word Dump Valid 
50 
Tosc 


Tpl-jDX 
Word Dump Data Hold 
50 
TOSC 


TDVPL 
Data Setup Time 
0 
Tosc 


TpLDX 
Data Hold Time 
400 
Tosc 


TpLPH(1) 
PROG Pulse Width 
50 
TOSC 


TpHLL 
PROG High to Next PALE Low 
220 
Tosc 


TLHPL 
PALE High to PROG Low 
220 
TOSC 


TpHPL 
PROG High to Next PROG Low 
220 
Tosc 


TpHIL 
PROG High to AINC Low 
0 
TOSC 


TILIH 
AINC Pulse Width 
240 
Tosc 


TILVH 
PVER Hold after AINC Low 
50 
Tosc 


TILPL 
AINC Low to PROG Low 
170 
Tosc 


TpHVL 
PROG High to PVER Valid 
220 
Tosc 


NOTE: 
1. This specification is for the Word Dump Mode. For programming pulses, use the Modified Quick Pulse Algorithm. 


III 


Symbol 
Parameter 


Ipp 
Vpp Supply Current (When Programming) 


NOTE: 
Do not apply Vpp until Vcc is stable and within specifications and the oscillator/clock has stabilized or the device may be 
damaged. 


NOTE: 
P3.0 must be high ("1") 


NOTE: 
P3.0 must be low ("0") 


SLAV'E PROGRAMMING 
MODE TIMING 
IN DATA 
PROGRAM 
WITH 
REPEATED 
PROG PULSE AND AUTO 
INCREMENT 


ADDR 
ADDR 
ADDR• 2 
-----~<ADDR/CDWWAND>----< 
DATA >~---...~ 
DATA 
>- 
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87C196MC 
DESIGN 
CONSIDERATIONS 


When an indirect shift during divide occurs the upper 
3 bits of the shift count are not masked 
completely. 
If the shift count register has the value 32.n 
where n 
= 1, 3, 5 or 7, the operand 
will be shifted 
32 times. 
This should 
have resulted 
in no shift taking 
place. 


This 
data 
sheet 
(270946-004) 
is valid 
for 
devices 
with a "S" 
at the end of the topside tracking 
number. 
Data sheets are changed 
as new device 
information 
becomes 
available. 
Verify with your local Intel sales 
office that you have the latest version 
before finaliz- 
ing a design or ordering 
devices. 


The 
following 
important 
differences 
exist 
between 
this data sheet 
(270946-002) 
and the previous 
ver- 
sion. (270946-003): 


1. The data sheet was reorganized 
to standard 
for- 
mat. 


2. Added 
83C196MC 
device. 


3. Added 
package 
thermal 
characteristics. 


4. Added 
note on missing pins on SDIP package. 


5. Removed 
SFR maps (now in user's 
manual). 


6. Added 
note on TLLYV and TLLGV specifications. 


7. Changed 
10-bit 
mode 
TCONV (MIN) 
to 10.0 
JLs 
from 
15.0 JLs. 


8. Changed 
10-bit mode 
TCONY (MAX) to 20.0 
JLs 
from 18.0 JLs. 


9. Changed 
VREF 
(MIN) 
in 8- and 
10-bit mode 
to 
4.0V from 4.5V. 


The 
following 
important 
differences 
exist 
between 
data 
sheet 
270946-003 
and 
the 
previous 
version 
(270946-002): 


1. The data sheet title was changed 
to better reflect 
the purpose 
of the 87C196MC 
as an AC Inverter/ 
DC Srushless 
Motor Control 
Microcontroller. 


2. The standard 
temperature 
range for this part now 
covers 
- 40·C to + 85·C. 


intel~ 


3. EXTINT 
function 
description 
now 
includes 
WG_PROTECT 
(1FCEH) 
as the name 
and ad- 


dress of the register 
used to select 
positive/neg- 
ative or high/low 
detection 
for EXTINT. 


4. The memory 
range 01 FOOH-01 FSFH was added 
to the SFR map as RESERVED. 


5. IlL changed 
from 
- 60 JLA to -70 
JLA. 


6. 
IREF changed 
from 5 mA to 2 mA maximum 
and 
the typical 
specification 
was removed. 


7. The READY description 
of the READY TIMINGS 


(One Wait State) graphic was modified 
to denote 
the shifting of the leading edge of READY versus 
frequency. 
At 16 MHz the falling edge of READY 


occurs 
before the falling edge of ALE. 


8. AC 
Testing 
Input, 
Output 
Waveform 
was 


changed 
to reflect 
inputs 
driven 
at 3.5V for a 


Logic "1" 
and .45V for a Logic "0" 
and timing 
measurements 
made 
at 2.0V 
for 
a Logic 
"1" 


and 0.8V for a Logic "0". 


9. Float Waveform 
was changed 
from 
IOL/IOH = 


± 15 mA to IOLltOH 
s; ± 15 mA 


1O. AD_TIME 
register 
for 
10-bit 
conversions 
was 
changed 
from 
OC7H to OD8H. The 
number 
of 


sample 
time states was changed 
from 24 to 25 
states, the conversion 
time states was changed 
from 80 to 240 states, 
and the total conversion 
time for AD_TIME 
= D8H replaced 
the total 
conversion 
time for AD_TIME 
= C7H. 


11. The number 
of sample 
time states 
for an 8-bit 


conversion 
was changed 
from 
20 states 
to 21 
states. 


12. There is a single entry in the ERRATA 
section 
of 
this 
version 
of the 
data 
sheet 
concerning 
the 
results of an indirect 
shift during divide. 


The 
following 
important 
differences 
exist 
between 
this data sheet 
(270946-002) 
and the previous 
ver- 
sion (270946-001): 


1. TA 
Ambient 
Temperature 
Under 
Sias 
Min 
changed 
from 
- 20·C to - 40·C. 


2. IREF AID 
Conversion 
Reference 
Current 
Max 
changed 
from 5 mA to 2 mA. 


3. Testing 
levels 
changed 
from 
TIL 
values 
to 
CMOS values. 


4. AID 
Input Series 
Resistance 
Max changed 
from 
1.2 Kil to 2 Kil. 
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8XC196MD 
INDUSTRIAL MOTOR CONTROL 
MICROCONTROLLER 
87C196MD 
16 Kbytes of On-Chip OTPROM* 
83C196MD 
16 Kbytes of On-Chip ROM 
80C196MD 
ROMless 
• High Performance 
CHMOS 
16-Blt CPU 
• Programmable 
Frequency 
Generator 
• 16 Kbytes 
of On-Chip OTPROM/ROM 
• Two 16-Blt Timers 
with Quadrature 
• 488 bytes of On-Chip 
Register 
RAM 
Counting 
Input 
• Register 
to Register 
Architecture 
• 3-Phase 
Complementary 
Waveform 
Generator 
• Up to 64 I/O 
Lines 
• 14 Channel 
8/10-Blt 
A/D 
with Sample/ 
• Peripheral 
Transaction 
Server 
(PTS) 
Hold with Zero Offset 
Adjustment 
H/W• 


with 17 Prioritized 
Sources 
18 Prioritized 
Interrupt 
Sources 
• 
• Event Processor 
Array (EPA) 
Flexible 8/16-Blt 
External 
Bus 
- 
6 High Speed Capture/Compare 
• 
Modules 
• 1.75 J-Ls16 x 16 Multiply 
- 
6 High Speed Compare 
Modules 
• 3 J-Ls 32/16 
Divide 
• Extended 
Temperature 
Standard 
• Idle and Power 
Down Modes 


The 8XC196MD 
is a 16-bit microcontroller 
designed 
primarily to control 
3 phase AC induction 
and DC brush- 


less motors. 
The 8XC196MD 
is based on Intel's MCS~-96 
16-bit architecture 
and is manufactured 
with Intel's 
CHMOS 
process. 


The 
8XC196MD 
has a three 
phase 
waveform 
generator 
specifically 
designed 
for use in "Inverter" 
motor 
control 
applications. 
This peripheral 
allows for pulse width modulation, 
three phase sine wave generation 
with 
minimal 
CPU intervention. 
It generates 
3 complementary 
non-overlapping 
PWM pulses 
with 
resolutions 
of 
0.125 
JLs (edge trigger) 
or 0.250 
JLs (centered). 


The 8XC196MD 
has 16 Kbytes on-chip 
OTPROM/ROM 
and 488 bytes of on-chip 
RAM. It is available 
in two 
packages; 
PLCC (84-L) and EIAJ/QFP 
(80-L). 


The 87C196MD 
contains 
16 Kbytes on-chip 
OTPROM. 
The 83C196MD 
contains 
16 Kbytes on-chip 
ROM. All 
references 
to the 80C196MD 
also refers to the 83C196MD 
and 87C196MD 
unless 
noted. 


'OTPROM 
(One Time 
Programmable 
Read Only Memory) 
is the same as EPROM 
but it comes 
in an unwindowed 
package 
and cannot 
be erased. 
It is user programmable. 


PORTS 
CONTROl. 
SIGNALS 


AID AND 
PORT 0, 1 
14 ANAlOG 
INPUTS 
2 DIGITAL ONLY INPUTS 


PORT 2 EPA 
4 CAPTURE/COMPARE 
4 COMPARE 
ONLY 


PORT 7 AND 
EPA 
2 CAPTURE/COMPARE 
2 COMPARE 
ON.. Y 
FREOUENCYGENERATOR 


PORT 6 
WAVEFORM 
GENERATOR 


NOTE: 
Connections between the standard I/O ports and the bus are not shown, 
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This device 
is manufactured 
on PX29.5, 
a CHMOS 
III-E process. 
Additional 
process 
and reliability 
infor- 
mation 
is available 
in Intel's 
Components 
Quality 
and Reliability 
Handbook, 
Order 
Number 
210997. 


1 ~c ~ 
~ 
••,;~s •••• 
No Work: 
l&t.lHz 


we Product 
ramily 


CHWOS Technology 


Program 
••••mory Option.: 
7'" [PROW (Not, 
1) 
3 = ROW 


EXAMPLE: 
N87C196MD 
is 84-Lead 
PLCC 
OTPROM, 
16 MHz. 
For complete 
package 
dimensional 
data, 
refer 
to the 
Intel Packaging 
Handbook 
(Order 
Number 
240800). 


NOTE: 
EPROMs 
are 
available 
as 
One 
Time 
Programmable 
(OTPROM) 
only. 


Figure 
2. The 8XC196MD 
Family 
Nomenclature 


Table 
1. Thermal 
Characteristics 


Package 
BJa 
BJc 
Type 


PLCC 
35°C/W 
13°C/W 


QFP 
5SoC/W 
12°C/W 


All 
thermal 
impedance 
data 
is approximate 
for 
static 
air 
conditions 
at 1W of power 
dissipation. 
Values 
will change 
depending 
on 
operation 
conditions 
and 
application. 
See 
the Intel Packaging 
Handbook 
(order 
number 
240800) 
for a 
description 
of Intel's 
thermal 
impedance 
test methodology. 


Description 
Address 


External 
Memory or I/O 
OFFFFH 
OSOOOH 


Internal ROM/EPROM 
or External 
5FFFH 
Memory (Determined 
by EA) 
2080H 


Reserved. 
Must contain 
FFH. 
207FH 
(Note 5) 
205EH 


PTS Vectors 
205DH 
2040H 


Upper Interrupt Vectors 
203FH 
2030H 


ROM/EPROM 
Security 
Key 
202FH 
2020H 


Reserved. 
Must contain 
FFH. 
201FH 
(Note 5) 
201CH 


Reserved. 
Must Contain 20H 
201BH 
(Note 5) 


CCB1 
201AH 


Reserved. 
Must Contain 20H 
2019H 
(Note 5) 


CCBO 
2018H 


Reserved. 
Must contain 
FFH. 
2017H 
(Note 5) 
2014H 


Lower Interrupt 
Vectors 
2013H 
2000H 


SFR's 
1FFFH 
1FOOH 


External 
Memory 
1EFFH 
0200H 


488 Bytes Register 
RAM (Note 1) 
01FFH 
0018H 


CPU SFR's (Notes 1, 3) 
0017H 
OOOOH 


NOTES: 
1. Code 
executed 
in locations 
OOOOH to 
01 FFH 
will 
be 
forced 
external. 


2. Reserved 
memory 
locations 
must 
contain 
OFFH unless 
noted. 
3. Reserved 
SFR bit locations 
must contain 
O. 
4. Refer to 8XC196MC 
for SFR descriptions. 


5. WARNING: 
Reserved 
memory 
locations 
must 
not 
be 
written 
or read. 
The contents 
and/or 
function 
of these 
lo- 
cations 
may 
change 
with 
future 
revisions 
of 
the 
device. 
Therefore, 
a program 
that 
relies 
on one 
or more 
of these 
locations 
may not function 
properly. 
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8XC196MC 
AND 8XC196MD 
DIFFERENCES 


There 
are 
some 
differences 
between 
the 
8XC196MC 
and 
8XC196MD 
INT_MASK1/ 
INT_PEND1 
registers. 
The 
8XC196MD 
interrupt 
mask and pending 
registers 
are shown 
below. 
No- 
tice 
that 
the 
CAPCOM5, 
COMP4, 
and 
CAPCOM4 
bits are reserved 
bits on the 8XC196MC. 
The PI bit 
of 
the 
INT _PEND1 
register 
will 
be 
set 
when 
a 
Waveform 
Generator 
or Compare 
Module 
5 event 
occurs 
and the corresponding 
bit in the PI_MASK 
register 
is set. The PI interrupt 
vector 
can be taken 
when 
the PI bit in the INT_MASK1 
register 
is set. 


The 
8XC196MC 
User's 
Manual 
should 
be 
refer- 
enced 
for details 
about the interrupts. 


INT_MASK1 
(0031H) 
and INT_PEND1 
(0012H) 


S 
4 
3 
2 
1 
0 


I RSV IEXTINTI 
PI 
ICAPCm.1s·lcoMP4·lcAPCOM4·ICOMP3lcAPCOM31 


RSV = RESERVED 
BIT. MUST WRITE 
AS 0 


• = THIS 
BIT RESERVED 
ON 8XC196MC. 


Similarly, 
there are differences 
between 
8XC196MC 
and 8XC196MD 
PTS registers. 
The 8XC196MD 
PTS 
registers 
are shown 
below. 
Notice 
the CAPCOM5, 
COMP4, 
and CAPCOM4 
bits are reserved 
bits on 
the 8XC196MC. 
The PI bit in the PTSSRV will be set 
when a Waveform 
Generator 
or Compare 
Module 
5 
end of PTS interrupt 
occurs 
and the corresponding 
bit in the PI_MASK 
register 
is set. The PI PTS vec- 
tor can be used when the PI bit in the PTSSEL regis- 
ter is set. The 8XC196MC 
User's 
Manual 
should 
be 
referenced 
for details 
about the PTS. 


intel~ 


The PI_MASK/PI_PEND 
registers 
contain 
the bits 
for the Compare 
Module 5 (COMP5) Waveform 
Gen- 


erator 
(WG), Timer 
1 Overflow 
(TFI), 
and Timer 
2 
Overflow 
(TF2) 
mask/status 
flag. The 
diagram 
be- 
low shows 
the registers. 
Notice 
that the COMP5 
bit 
is a reserved 
bit on the 8XC196MC. 
The 8XC196MC 
User's 
Manual 
should 
be 
referenced 
for 
details 
about the Waveform 
Generator, 
Compare 
Modules, 


and Timers. 


PI_MASK 
(1FBEH) and 
PI-PEND 
(1FBCH, 
Read Only) 


6 
S 
4 
3 
210 
I RSV 
I COMPS' 
I 
RSV 
I 
WG 
I 
RSV 
I 
TF2 
~ 


RSV = RESERVED 
BIT. MUST WRITE 
AS 0, 


READ AS 1. 


• = THIS 
BIT RESERVED 
ON 8XC196MC. 


Figure 5. Peripheral 
Interrupt 
Mask 
and Status Registers 


The 
PI bit in the 
INT_PEND1 
register 
is set 
if a 
Waveform 
Generator 
event 
or Compare 
Module 
5 
event occur's and the corresponding 
PI_MASK 
bit is 
set. For either of these events to cause an interrupt, 
the PI bit in the INT_MASK1 
register 
and the corre- 
sponding 
event bit in the PI_MASK 
register 
must be 
set. 


Similarly, 
the TOVF bit in the INT_PEND 
register 
is 
set if Timer 
1 or Timer 
2 overflow 
and 
the corre- 
sponding 
bit in the PI_MASK 
register 
is set. For ei- 
ther of these 
two events 
to cause 
an interrupt, 
the 
TOVF bit in the INT_MASK 
register 
and the corre- 


sponding 
event bit in the PI_MASK 
must be set. 


Upon a PI and/or 
a TOVF interrupt, 
it may be neces- 


sary to check 
if the Compare 
Module 
5, the Wave- 


form 
Generator, 
Timer 
1, or Timer 
2 event 
caused 
the interrupt. 
The 
PI_PEND 
will give this 
informa- 


tion. 
However, 
it should 
be noted 
that 
reading 
the 
PI_PEND 
register will clear the register. 
So the indi- 


vidual bits in the PI_PEND 
register 
must be read by 
loading 
PI_PEND 
into another 
"shadow" 
register, 


then 
checking 
the 
"shadow" 
register 
to see what 
event occurred. 


Interrupt 
Service 
PTSService 


Interrupt 
Source 
Symbol 
Name 
Vector 
Priority 
Name 
Vector 
Priority 


Capture/ Compare5 
CAPCOMP5 
INT12 
2038H 
12 
PTS12 
2058H 
27 


Compare4 
COMP4 
INT11 
2036H 
11 
PTS11 
2056H 
26 


Capture/Compare4 
CAPCOMP4 
INT10 
2034H 
10 
PTS10 
2054H 
25 


The 
8XC196MD 
has three 
new 
interrupt 
and 
PTS 


vectors 
which 
are Capture/Compare5, 
Compare 
4, 
and Capture/Compare4. 
Table 3 shows these inter- 


rupt vectors 
and priorities. 
These 
are shown 
as re- 
served 
vectors 
in the 8XC196MC 
User's 
Manual. 


Frequency 
Generator 


The 
Frequency 
Generator 
(FG) 
Peripheral 
which 
was not available 
on the 8XC196MC 
device, is avail- 
able on the 8XC196MD 
device. 
The 
FG outputs 
a 
programmable-frequency 
50% 
duty cycle waveform 
on the FREOOUT 
pin (P7.7). There are two 8-bit reg- 
isters which 
control 
the FG peripheral: 


Frequency 
Generator 
Control 
Register 


(FG_CON) 
at 1FB8h 


Frequency 
Generator 
Period Count Register 
(FG_COUNT) 
at 1FBAh. 


The FG_CON 
can be read or written. 
This register 


is loaded with a value which determines 
the number 
of counts 
necessary 
for toggling 
the output. The fol- 
lowing 
equation 
should 
be 
used 
to 
calculate 
the 
FG_CON 
value: 


FG 
CON value 
= 
FXTAL 
- 
16· 
(FG Frequency) 


The FG_COUNT 
is loaded 
with the FG_CON 
reg- 
ister value. The FG_COUNT 
register 
is decrement- 
ed every eighth state time. When it reaches 
OOh,the 
FG_COUNT 
register will send a signal to toggle the 
output 
pin and reload the FG_COUNT 
register with 
the 
value 
in 
the 
FG_CON 
register. 
The 
FG_COUNT 
can only be read, not written. 


The FREOOUT 
pin (P7.7) must be configured 
for a 
special 
function 
to use it for the Frequency 
Genera- 


tor feature. 


Port 7 is an additional 
bidirectional 
port that was not 
available 
on the 8XC196MC 
device. 
Port 7 can be 
used as I/O or some of the pins have special 
func- 
tions. 
The 
pins 
are 
listed 
below 
followed 
by their 
special 
functions. 


Pin 
Special Function 


P7.0 
CAPCOMP4 


P7.1 
CAPCOMP5 


P7.2 
CAPCOMP4 


P7.3 
CAPCOMP5 


P7.4 


P7.5 


P7.6 


P7.7 
FREOOUT 


The special functions 
of the pins are selected 
in the 
Port 
7 SFRs. 
The 
Port 2 I/O 
Port 
section 
of the 
8XC196MC 
User's 
Manual 
can be referenced 
when 
setting 
up the Port 7 SFRs. Port 7 SFRs are located 
in the following 
locations: 


SFR 
Address 


P7_MODE 
1FD1h 


P7_DIR 
1FD3h 


P7_REG 
1FD5h 


P7_PIN 
1FD7h 
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There 
are three 
additional 
Port 1 input pins (P1.5- 
P1.7) that 
were 
not 
available 
on the 
8XC196MC. 
These 
pins are listed 
below 
followed 
by their func- 
tion: 


Pin 
Description 


P1.5 
Digital or Analog Input 


P1.6 
Digital Input 


P1.7 
Digital Input 


NOTE: 
P1.5 was 
a Vss 
pin on the 
8XC196MC 
device. 
If 
P1.5 and 
P1.6 are not being 
used these 
pins can 
remain connected 
to Vss. 
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P4.2/AD10 
INTEL 
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N8XC196MD 
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NC 
Top view 
looking 
down 
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on component 
side 
P7.7/FREOOUT 
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NOTE: 
NC means 
No Connect. 
Do not connect 
these 
pins. 


Figure 6. 84-Lead 
PLCC Package 
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Figure 7. SO-Lead Shrink EIAJQFP 
(Quad Flat Pack) 


Symbol 
Function 


ACHO-ACH13 
Analog inputs to the on-chip AID converter. 
ACHO-7 
share the input pins 
(PO.0-PO.7, 
P1.0-P1.5) 
with PO.0-7 
and ACH8-13 
share pins with P1.0-5. 
If the AID 
is not used, 
the port pins can be used as standard 
input ports. 


ANGND 
Reference 
ground for the AID converter. 
Must be held at nominally 
the 
same potential 
as Vss. 


ALE/ ADV(P5.0) 
Address 
Latch Enable or Address 
Valid output, as selected 
by CCR. Both 
options allow a latch to demultiplex 
the address/data 
bus on the signal's 
falling edge. When the pin is ADV, it goes inactive 
(high) at the end of the 
bus cycle. ALE/ ADV is active only during external 
memory accesses. 
Can be 
used as standard 
I/O when not used as ALE/ ADV. 


BHE/WRH 
(P5.5) 
Byte High Enable or Write High output, as selected 
by the CCR. BHE will go 
low for external writes to the high byte of the data bus. WRH will go low for 
external writes where all odd byte is being written. 
BHE/WRH 
is activated 
only during external 
memory writes. 


BUSWIDTH 
(P5.7) 
Input for bus width selection. 
If CCR bits 1 and 2 = 1, this pin dynamically 
controls 
the bus width of the bus cycle in progress. 
If BUSWIDTH 
is low, an 
8-bit cycle occurs. If it is high, a 16-bit cycle occurs. This pin can be used as 
standard 
I/O when not used as BUSWIDTH. 


CAPCOMPO-CAPCOMP5 
The EPA Capture/Compare 
pins. CAPCOMPO-3 
share the pins with 
(P2.0-P2.3, 
P7.0-P7.1) 
P2.0-P2.3. 
CAPCOMP4-5 
share the pins with P7.0-P7.1. 
If not used for the 
EPA, they can be configured 
as standard 
I/O pins. 


CLKOUT 
Output of the internal clock generator. 
The frequency 
is % of the oscillator 
frequency. 
It has a 50% duty cycle. 


COMPAREO-COMPARE5 
The EPA Compare 
pins. COMPAREO-3 
share the pins with P2.4-P2.7. 


(P2.4-P2.7, 
P7.2-P7.3) 
COMPARE4-5 
share the pins with P7.2-P7.3. 
If not used for the EPA, they 
can be configured 
as standard 
I/O pins. 


EA 
External Access enable pin. EA = 0 causes all memory accesses 
to be 
external to the chip. EA = 1 causes memory accesses 
from location 
2000H 
to 5FFFH to be from the on-chip OTPROM/ROM. 
EA = 12.5V causes 
execution 
to begin in the programming 
mode. EA is latched at reset. 


EXTINT 
A programmable 
input on this pin causes a maskable 
interrupt 
vector 
through 
memory location 
203CH. The input may be selected 
to be a 
positive/negative 
edge or a high/low 
level using WG_PROTECT 
(1FCEH). 


FREOOUT 
Programmable 
frequency 
output pin. The frequency 
can vary from 4 KHz to 1 
MHz (16 MHz input clock). It has a 50% duty cycle. Pin may be configured 
as 
standard 
I/O if FREOOUT 
is not used. 


INST (P5.1) 
INST is high during the instruction 
fetch from the external 
memory and 
throughout 
the bus cycle. It is low otherwise. 
This pin can be configured 
as 
standard 
I/O if not used as INST. 


NMI 
A positive transition 
on this pin causes a non-maskable 
interrupt 
which 
vectors 
to memory location 
203EH. If not used, it should be tied to Vss. May 
be used by Intel Evaluation 
boards. 


PORTO 
8-bit high impedance 
input-only 
port. Also used as AID 
converter 
inputs. 
PortO pins should not be left floating. 
These pins also used to select 
programming 
modes in the OTPROM 
devices. 


PORT1 
8-bit high impedance 
input-only 
port. P1.0-P1.5 
are also used as AID 
converter 
inputs. In addition, 
P1.2 and P1.3 can be used as Timer 1 clock 
input and direction 
select respectively. 
P1.6-P1.7 
can be used as input-only 
pins. 
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PORT2 
a-bit bidirectional 
I/O port. All of the Port2 pins are shared with the EPA I/O 
pins (CAPCOMPO-3 
and COMPAREO-3). 


PORT3 
a-bit bidirectional 
I/O ports with open drain outputs. These pins are shared 
PORT4 
with the multiplexed 
address/data 
bus which uses strong internal 
pullups. 


PORTS 
a-bit bidirectional 
I/O port. 7 of the pins are shared with bus control 
signals 
(ALE, INST, WR, RD, SHE, READY, SUSWIDTH). 
Can be used as standard 
I/O. 


PORT6 
a-bit output port. P6.6 and P6.7 output PWM, the others are used as the Wave 
Form Generator 
outputs. Can be used as standard 
output ports. 


PORT7 
8-bit bidirectional 
I/O port. P7.0-P7.3 
can be used as EPA I/O pins 
(CAPCOMP4-S 
and COMPARE4-S). 
P7.7 can be used as FREQOUT 
output 
pin. P7A-P7.6 
are standard 
I/O pins. 


PWMO, PWM1 
Programmable 
duty cycle, Programmable 
frequency 
Pulse Width Modulator 
(P6.6, P6.7) 
pins. The duty cycle has a resolution 
of 2S6 steps, and the frequency 
can vary 
from 122 Hz to 31 KHz (16 MHz input clock). Pins may be configured 
as 
standard 
output if PWM is not used. 


RD (PS.3) 
Read signal output to external 
memory. 
RD is low only during external 
memory 
reads. Can be used as standard 
I/O when not used as RD. 


READY (P.S.6) 
Ready input to lengthen 
external 
memory cycles. If READY = 0, the memory 
controller 
inserts wait states until the next positive transition 
of CLKOUT 
occurs with READY = 1. Can be used as standard 
I/O when not used as 
READY. 


RESET 
Reset input to and open-drain 
output from the chip. Held low for at least 16 
state times to reset the chip. Input high for normal operation. 
RESET has an 
Ohmic internal pullup resistor. 


T1CLK 
Timer 1 Clock input. This pin has two other alternate 
functions: 
ACH10 and 
(P1.2) 
P1.2. 


T1DIR 
Timer 1 Direction 
input. This pin has two other alternate 
functions: 
ACH11 and 
(P1.3) 
P1.3. 


Vpp 
The programming 
voltage 
is applied to this pin. It is also the timing pin for the 
return from Power Down circuit. Connect 
this pin with a 1 /LF capacitor 
to Vss 
and a 1 MI1 resistor to Vee. If the Power Down feature is not used, connect 
the pin to Vee. 


WG1-WG3/WG1-WG3 
3 phase output signals and their complements 
used in motor control 
(P6.0-P6.S) 
applications. 
The pins can also be configured 
as standard 
output pins. 


WR/WRL 
(PS.2) 
Write and Write Low output to external 
memory. WR will go low every external 
write. WRL will go low only for external writes to an even byte. Can be used as 
standard 
I/O when not used as WR/WRL. 


XTAL1 
Input of the oscillator 
inverter and the internal clock generator. 
This pin should 
be used when using an external 
clock source. 


XTAL2 
Output of the oscillator 
inverter. 


PMODE 
Determines 
the EPROM programming 
mode. 


(POA-7) 


PACT 
A low signal in Auto Programming 
mode indicates 
that programming 
is in 
(P2.S) 
process. 
A high signal indicates 
programming 
is complete. 


intel~ 


Symbol 
Function 


PALE 
A falling edge in Slave Programming 
Mode and Auto Configuration 
Byte 
(P2.1) 
Programming 
Mode indicates 
that ports 3 and 4 contain valid programming 
address/command 
information 
(input to slave). 


PROG 
A falling edge in Slave Programming 
Mode begins programming. 
A rising edge 


, (P2.2) 
ends programming. 


PVER 
A high signal in Slave Programming 
Mode and Auto Configuration 
Byte 


(P2.0) 
Programming 
Mode indicates 
the byte programmed 
correctly. 


CPVER 
Cumulative 
Program Verification. 
Pin is high if all locations 
since entering 
a 
(P2.6) 
programming 
mode have programmed 
correctly. 


AINC 
Auto Increment. 
Active low input enables the auto increment 
mode. Auto 


(P2.4) 
increment 
will allow reading or writing of sequential 
EPROM locations 
without 
address transactions 
across the PBUS for each read or write. • 


Ambient 
Temperature 
Under Bias 
- 40°C to + 85°C 


Storage Temperature 
- 65°C to + 150°C 


Voltage 
from EA or Vpp 
to VSS or ANGND 
- 0.5V to + 13.00V 


Voltage 
on Any Other Pin 
to Vss or ANGND 
-0.5V 
to + 7.0V(1) 


Power Dissipation 
.....•................. 
1.5W(2) 


NOTES: 
1. This includes Vpp and EA on ROM or CPU only devices. 
2. Power dissipation is based on package heat transfer lim- 
itations, not device power consumption. 


NOTICE: This data sheet contains preliminary infor- 
mation on new products in production. The specifica- 
tions are subject to change without notice. Verify with 
your local Intel Sales office that you have the latest 
data sheet before finalizing a design. 


• WARNING: Stressing the device beyond the "Absolute 
Maximum 
Ratings" 
may 
cause 
permanent 
damage. 


These are stress ratings 
only. Operation 
beyond 
the 


"Operating 
Conditions" 
is not recommended 
and ex- 
tended 
exposure 
beyond 
the 
"Operating 
Conditions" 


may affect device reliability. 


Symbol 
Description 
Min 
Max 
Units 


TA 
Ambient 
Temperature 
Under Bias 
-40 
+85 
°C 


Vcc 
Digital Supply Voltage 
4.50 
5.50 
V 


VREF 
Analog Supply Voltage 
4.00 
5.50 
V 


Fosc 
Oscillator 
Frequency 
8 
16 
MHz 


NOTE: 
ANGND and Vss should be nominally at the same potential. Also Vss and VSS1must be at the same potential. 


Symbol 
Parameter 
Min 
Max 
Units 
Test Conditions 


VIL 
Input Low Voltage 
-0.5 
0.3 Vcc 
V 


VIH 
Input High Voltage 
0.7Vcc 
Vcc 
+ 0.5 
V 


VOL 
Output Low Voltage 
0.3 
V 
IOL = 200 JJ.A 
Port 2,5, 
and 7, P6.6, P6.7, 
0.45 
V 
IOL = 3.2 mA 
CLKOUT 
1.5 
V 
IOL = 7 mA 


VOL1 
Output Low Voltage 
on Port 3/4 
1.0 
V 
IOL = 15 mA 


VOL2 
Output Low Voltage 
on 
0.45 
V 
IOL = 10 mA 
Port 6.0-6.5 


VOH 
Output High Voltage 
Vcc 
- 
0.3 
V 
IOH = -200 
JJ.A 
Vcc 
- 
0.7 
V 
IOH = -3.2 
mA 
Vcc-1.5 
V 
IOH = -7mA 


Vth+-Vth- 
Hysteresis 
Voltage Width on 
0.2 
V 
Typical 


RESET and All Input Pins except 
Port 3, Port 4 and Port 5 besides 
P5.3 


Symbol 
Parameter 
Min 
Typ 
Max 
Units 
Test Conditions 


III 
Input Leakage Current on All Input 
±10 
p.A 
OV < VIN < Vee-0.3V 
(in RESET) 


Only Pins 


ILil 
Input Leakage Current on PortO 
±3 
p.A 
OV < VIN < VREF 
and Port1 


IlL 
Input Low Current on SD Ports 
-70 
p.A 
VIN = 0.3 Vee 


(Note 1) 


IILl 
Input Low Current on P5.4 and 
-10 
mA 
0.2 Vee 
P2.6 during Reset (Note 3) 


IOH 
Output High Current on P5.4 and 
-2 
mA 
0.7 Vee 
P2.6 during Reset (Note 4) 


Ice 
Active Mode Current in Reset 
50 
70 
mA 
XTAL1 = 16 MHz, 


IREF 
AID 
Conversion 
Reference 
Current 
2 
5 
mA 
Vee = Vpp = VREF = 5.5V 


IIDL 
Idle Mode Current 
15 
30 
mA 


IpD 
Power-Down 
Mode Current 
5 
50 
p.A 
Vee = Vpp = VREF = 5.5V 


RRST 
RESET Pin Pullup Resistor 
6k 
65k 
n 


Cs 
Pin Capacitance 
(Any Pin to VSS) 
10 
pF 
FTEST = 1.0 MHz 


NOTES: 
1. BD (Bidirectional ports) include: 


P2.0-P2.7, except P2.6 
P3.0-P3.7 
P4.0-P4.7 
P5.0-P5.3 
P5.5-P5.7 
P7.0-P7.7 
2. During normal (non-transient) conditions, the following total current limits apply: 


P6.0-P6.5 
IOL: 40 mA 
IOH: 28 mA 
P3 
IOL: 90 mA 
IOH: 42 mA 
P4 
IOL: 90 mA 
IOH: 42 mA 
P5, eLKOUT 
IOL: 35 mA 
IOH: 35 mA 
P2, P6.6, P6.7, P7 
IOL: 63 mA 
IOH: 63 mA 
3. Maximum current that must be sunk by external device to ensure test mode entry. 
4. Do not exceed minimum current or device may enter test mode. 


III 


Each symbol 
is two pairs of letters 
prefixed 
by "T" 
for time. The characters 
in a pair indicate 
a signal and its 
condition, 
respectively. 
Symbols 
represent 
the time between 
the two signal/condition 
points. 


Signals: 


A 
- 
Address 


B 
-BHE 


C 
-CLKOUT 
o 
-DATA 


G 
- 
Buswidth 


H 
-HOLD 


HA-HLDA 


L 
-ALE/ADV 


BR- 
BREQ 


R 
-RD 


W 
- 
WR/WRH/WRL 


X 
- 
XTAL1 


Y 
-READY 


Q 
- 
Data Out 


H 
- 
High 


L 
-Low 


V 
-Valid 


X 
- 
No Longer Valid 


Z 
- 
Floating 


AC ELECTRICAL 
CHARACTERISTICS 
(Over Specified 
Operating 
Conditions) 
Test Conditions: 
Capacitive 
load on all pins = 100 pF, Rise and fall times = 10 ns, Fosc 
= 16 MHz. 


The system 
must meet the following 
specifications 
to work with the 87C196MD: 


Symbol 
Parameter 
Min 
Max 
Units 
Notes 


FXTAL 
Frequency 
on XTAL 1 
8 
16 
MHz 
3 


TOSC 
1/FxTAL 
62.5 
125 
ns 


TAVYV 
Address 
Valid to READY Setup 
2 Tosc 
- 
75 
ns 


TLLYV 
ALE Low to READY Setup 
Tosc 
- 
70 
ns 
4 


TYLYH 
Not READY Time 
No Upper Limit 
ns 


TCLYX 
READY Hold after CLKOUT 
Low 
0 
Tosc 
- 
30 
ns 
1 


TLLYX 
READY Hold after ALE Low 
Tosc 
- 
15 
2 Tosc 
- 
40 
ns 
1 


TAVGV 
Address 
Valid to BUSWIDTH 
Setup 
2 Tosc 
- 
75 
ns 


TLLGV 
ALE Low to BUSWIDTH 
Setup 
Tosc 
- 
60 
ns 
4 


TCLGX 
Buswidth 
Hold after CLKOUT 
Low 
0 
ns 


TAVDV 
Address 
Valid to Input Data Valid 
3 Tosc 
- 
55 
ns 
2 


TRLDV 
RD Active to Input Data Valid 
Tosc 
- 
22 
ns 
2 


TCLDV 
CLKOUT 
Low to Input Data Valid 
Tosc 
- 
50 
ns 


TRHDZ 
End of RD to Input Data Float 
Tosc 
ns 


TRXDX 
Data Hold after RD Inactive 
0 
ns 


NOTES: 
1. If Max is exceeded, 
additional 
wait states 
will occur. 


2. If wait states 
are used, add 2 TOSC • N, where 
N = number 
of wait states. 
3. Testing 
performed 
at 8 MHz. However, 
the device 
is static 
by design 
and will typically 
operate 
below 
1 Hz. 
4. These 
timings 
are included 
for compatibility 
with older -90 and BH products. 
They 
should 
not be used for newer 
high- 
speed 
designs. 


AC ELECTRICAL 
CHARACTERISTICS 
(Continued) 
Test Conditions: 
Capacitive 
load on all pins = 100 pF, Rise and fall times = 10 ns, Fosc 
= 16 MHz. 


Symbol 
Parameter 
Min 
Max 
Units 
Notes 


TXHCH 
XT AL 1 to CLKOUT 
High or Low 
30 
110 
ns 


TCLCL 
CLKOUT 
Cycle Time 
2 Tosc 
ns 


TCHCL 
CLKOUT 
High Period 
Tosc 
- 
10 
Tosc + 15 
ns 


TCLLH 
CLKOUT 
Falling Edge to ALE Rising 
-5 
15 
ns 


TLLCH 
ALE Falling Edge to CLKOUT 
Rising 
-20 
15 
ns 


TLHLH 
ALE Cycle Time 
4 Tosc 
ns 
3 


TLHLL 
ALE High Period 
Tosc 
- 
10 
Tosc + 10 
ns 


TAVLL 
Address 
Setup to ALE Falling Edge 
Tosc 
- 
15 
ns 


TLLAX 
Address 
Hold after ALE Falling 
Tosc 
- 
40 
ns 


TLLRL 
ALE Falling Edge to RD Falling 
Tosc 
- 
30 
ns 


TRLCL 
RD Low to CLKOUT 
Falling Edge 
4 
30 
ns 


TRLRH 
RD Low Period 
Tosc 
- 
5 
Tosc + 25 
ns 
3 


TRHLH 
RD Rising Edge to ALE Rising Edge 
Tosc 
Tosc + 25 
ns 
1 


TRLAZ 
RD Low to Address 
Float 
5 
ns 


TLLWL 
ALE Falling Edge to WR Falling 
Tosc 
- 
10 
ns 


TCLWL 
CLKOUT 
Low to WR Falling Edge 
0 
25 
ns 


TQVWH 
Data Stable to WR Rising Edge 
Tosc 
- 
23 
ns 


TCHWH 
CLKOUT 
High to WR Rising Edge 
-10 
15 
ns 


TWLWH 
WR Low Period 
Tosc 
- 
30 
ns 
3 


TWHQX 
Data Hold after WR Rising Edge 
Tosc 
- 
25 
ns 


TWHLH 
WR Rising Edge to ALE Rising Edge 
Tosc 
- 
10 
Tosc + 15 
ns 
1 


TWHBX 
SHE, INST Hold after WR Rising 
TosC - 
10 
ns 


TWHAX 
AD8-15 
Hold after WR Rising 
ToSC - 
30 
ns 
2 


TRHBX 
SHE, INST Hold after RD Rising 
Tosc 
- 
10 
ns 


TRHAX 
AD8-15 
Hold after RD Rising 
Tosc 
- 
30 
ns 
2 


NOTES: 
1. Assuming 
back to back cycles. 


2. 8-bit bus only. 
3. If wait states 
are used, add 2 Tosc'N, 
where 
N = number 
of wait states. 


• 
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T 
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T 


CHCL4 
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~ 
T 
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Symbol 
Parameter 
Min 
Max 
Units 


1/TxLXL 
Oscillator 
Frequency 
8 
16.0 
MHz 


TXLXL 
Oscillator 
Period 
62.5 
125 
ns 


TXHXX 
High Time 
22 
ns 


TXLXX 
Low Time 
22 
ns 


TXLXH 
Rise Time 
10 
ns 


TXHXL 
Fall Time 
10 
ns 


NOTE: 
Keep 
oscillator 
components 
close 
to 
chip 
and 
use 
short, direct 
traces 
to XTAL1, XTAL2 and Vss. When 
using crystals, C1 = 20 pF, C2 = 20 pF. When using 
ceramic 
resonators, 
consult 
manufacturer 
for 
rEjcom- 
mended circuitry. 


An external 
oscillator 
may encounter 
as much as a 100 pF load at XTAL 1 when 
it starts-up. 
This is due to 
interaction 
between 
the amplifier 
and its feedback 
capacitance. 
Once the external 
signal 
meets the VIL and 
VIH specifications 
the capacitance 
will not exceed 
20 pF. 


3.5V=x 2.0 > 
< 
2.0 >C 
TEST 
POINTS 
0.8 
0.8 


0.-4511 
-----------_ 
272323-11 


AC Testing 
inputs 
are driven 
at 3.5V for a Logic "1" 
and 0.45V for 
a Logic 
"0". 
Timing 
measurements 
are made 
at 2.0V for a Logic 
"1" 
and O.BV for a Logic 
"0". 


VOL +0. 
1 v 


272323-12 


For 
Timing 
Purposes 
a Port 
Pin is no 
Longer 
Floating 
when 
a 
100 mV change 
from 
Load 
Voltage 
Occurs 
and 
Begins 
to Float 
when 
a 100 mV change 
from 
the Loaded 
VOHIVOL 
Level 
occurs 
IOL/10H = ± 15 mA. 


The sample and conversion time of the AID convert- 
er in the a-bit or 10-bit modes is programmed by 
loading a byte into the AD_TIME Special Function 
Register. This' allows optimizing the AID 
operation 
for specific applications. The AD_TIME 
register is 
functional for all possible values, but the accuracy of 
the AID 
converter is only guaranteed for the times 
specificed in the operating conditions table. 


The value loaded into AD_TIME bits 5, 6, 7 deter- 
mines the sample time, TSAM,and is calculated us- 
ing the following formula: 


SAM = (TSAMx Fosd 
- 2 
a 


TSAM= Sample time, p..s 
Fosc = Processor frequency, MHz 
SAM = Value loaded into AD_TIME 
bits 5, 6, 7 


The value loaded into AD_TIME 
bits 0-5 
deter- 
mines the conversion time, TCONY,and is calculated 
using the following formula: 


CONV = (TCONVx Fosd 
- 3 _ 1 
28 


TCONY= Conversion time, p..s 
Fosc = Processor frequency, MHz 
8 = a for a-bit conversion 
8 = 10 for 10-bit conversion 
CONV = Value loaded into AD_TIME 
bits 0-5 


The converter is ratiometric, so absolute accuracy is 
dependent on the accuracy and stability of VREF. 
VREFmust be close to Vcc since it supplies both the 
resistor ladder and the analog portion of the convert- 
er and input port pins. There is also an AD_TEST 
SFR that allows for conversion on ANGND and 
VREFas well as adjusting the zero offset. The abso- 
lute error listed is WITHOUT doing any adjustments. 


The specifications given assume adherence to the 
operating conditions section of this data sheet. Test- 
ing is performed with VREF = 5.12V and 16.0 MHz 
operating frequency. After a conversion is started, 
the device is placed in the IDLE mode until the con- 
version is complete. 
III 


Symbol 
Description 
Min 
Max 
Units 


TA 
Ambient 
Temperature 
-40 
+85 
·C 


Vcc 
Digital Supply Voltage 
4.50 
5.50 
V 


VREF 
Analog Supply Voltage 
4.00 
5.50 
V(1) 


TSAM 
Sample Time 
1.0 
IJ-s(2) 


TCONV 
Conversion 
Time 
10.0 
20.0 
IJ-s(2) 


Fosc 
Oscillator 
Frequency 
8.0 
16.0 
MHz 


NOTES: 
ANGND and Vss should nominally be at the same potential. 
1. VREFmust be within O.SVof Vcc. 
2. The value of AD_TIME is selected to meet these specifications. 


Parameter 
Typical(1) 
Mln 
Max 
Units' 


Resolution 
1024 
1024 
Levels 
10 
10 
Bits 


Absolute 
Error 
0 
±4 
LSBs 


Full Scale Error 
0.25 ±0.5 
LSBs 


Zero Offset Error 
0.25 ±0.5 
LSBs 


Non-Linearity 
1.0 ±2.0 
±4 
LSBs 


Differential 
Non-Linearity 
> -1 
+2 
LSBs 


Channel-to-Channel 
Matching 
±0.1 
0 
± 1.0 
LSBs 


Repeatability 
±0.25 
0 
LSBs 


Temperature 
Coefficients: 


Offset 
0.009 
LSB/C 
Full Scale 
0.009 
LSB/C 
Differential 
Non-Linearity 
0.009 
LSB/C 


Off Isolation 
-60 
dB(2.3) 


Feedthrough 
-60 
dB(2) 


Vcc Power Supply Rejection 
-60 
dB(2) 


Input Series Resistance 
750 
2K 
.0(4) 


Voltage 
on Analog 
Input Pin 
ANGND 
- 0.5 
VREF + 0.5 
V(S,6) 


Sampling 
Capacitor 
3 
pF 


DC Input Leakage 
±1 
0 
±3.0 
IJ-A 


NOTES: 
'An "LSB", as used here has a value of approximately S mY. (See Embedded Microcontrollers and Processors Handbook 
for AID glossary of terms). 
1. These values are expected for most parts at 2SoCbut are not tested or guaranteed. 
2. DC to 100 KHz. 
3. Multiplexer Break-Before-Make is guaranteed. 
4. Resistance from device pin, through internal MUX, to sample capacitor. 
S. These values may be exceeded if the pin current is limited to ± 2 mA. 
6. Applying voltages beyond these specifications will degrade the accuracy of other channels being converted. 
7. All conversions performed with processor in IDLE mode. 


~ 
ym 
01 
Description 
Min 
Max 
UnitS 


TA 
Ambient 
Temperature 
-40 
+85 
·C 


Vcc 
Digital Supply Voltage 
4.50 
5.50 
V 


VREF 
Analog Supply Voltage 
4.00 
5.50 
V(1) 


TSAM 
Sample Time 
1.0 
JJ-s(2) 


TCONV 
Conversion 
Time 
7.0 
20.0 
JJ-s(2) 


Fosc 
Oscillator 
Frequency 
8.0 
16.0 
MHz 


NOTES: 
ANGND and Vss should nominally be at the same potential. 
1. VREFmus1be within O.SVof Vcc. 
2. The value of AD_TIME is selected to meet these specifications. 


Parameter 
Typicall1) 
Min 
Max 
Units' 


Resolution 
256 
256 
Level 
8 
8 
Bits 


Absolute 
Error 
0 
±1 
LSBs 


Full Scale Error 
±0.5 
LSBs 


Zero Offset Error 
±0.5 
LSBs 


Non-Linearity 
0 
±1 
LSBs 


Differential 
Non-Linearity 
> -1 
+1 
LSBs 


Channel-to-Channel 
Matching 
0 
± 1.0 
LSBs 


Repeatability 
±0.25 
LSBs 


Temperature 
Coefficients: 
Offset 
0.003 
LSB/C 
Full Scale 
0.003 
LSB/C 
Differential 
Non-Linearity 
0.003 
LSB/C 


Off Isolation 
-60 
dB(2,3) 


Feedthrough 
-60 
dB(2) 


Vcc Power Supply Rejection 
-60 
dB(2) 


Input Series Resistance 
750 
2K 
0(4) 


Voltage 
on Analog Input Pin 
VSS- 
0.5 
VREF + 0.5 
V(S,6) 


Sampling 
Capacitor 
3 
pF 


DC Input Leakage 
±1 
0 
±3.0 
JJ-A 


NOTES: 
'An "LSS" as used here, has a value of approximately 20 mY. (See Embedded Microcontrollers and Processors Handbook 
for AID glossary of terms). 
1. These values are expected for most parts at 2S'C but are not tested or guaranteed. 
2. DC to 100 KHz. 
3. MUltiplexer Sreak-Sefore-Make is guaranteed. 
4. Resistance from device pin, through internal MUX, to sample capacitor. 
5. These values may be exceeded if the pin current is limited to ± 2 mA. 
6. Applying voltages beyond these specifications will degrade the accuracy of other channels being converted. 
7. All conversions performed with processor in IDLE mode. 
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Symbol 
Description 
Min 
Max 
Units 


TA 
Ambient 
Temperature 
during Programming 
20 
30 
DC 


Vcc 
Supply Voltage during Programming 
4.5 
5.5 
V(1) 


VREF 
Reference 
Supply Voltage during Programming 
4.5 
5.5 
V(1) 


Vpp 
Programming 
Voltage 
12.25 
12.75 
V(2) 


VEA 
EA Pin Voltage 
12.25 
12.75 
V(2) 


Fosc 
Oscillator 
Frequency 
during Auto 
6.0 
8.0 
MHz 
and Slave Mode Programming 


Tosc 
Oscillator 
Frequency 
during 
6.0 
12.0 
MHz 
Run-Time 
Programming 


NOTES: 
1. Vcc and VREFshould nominally be at the same voltage during programming. 
2. Vpp and VEA must never exceed the maximum specification, or the device may be damaged. 
3. Vss and ANGND should nominally be at the same potential (OV). 
4. Load capacitance during Auto and Slave Mode programming = 150 pF. 


Symbol 
Parameter 
Min 
Max' 
Units 


TSHLL 
Reset High to First PALE Low 
1100 
Tosc 


TLLLH 
PALE Pulse Width 
50 
Tosc 


TAVLL 
Address 
Setup Time 
0 
TOSC 


TLLAX 
Address 
Hold Time 
100 
TOSC 


TpLDV 
PROG Low to Word Dump Valid 
50 
TOSC 


TpHDX 
Word Dump Data Hold 
50 
Tosc 


TDVPL 
Data Setup Time 
0 
Tosc 


TpLDX 
Data Hold Time 
400 
Tosc 


TpLPH(1) 
PROG Pulse Width 
50 
Tosc 


TpHLL 
PROG High to Next PALE Low 
220 
TOSC 


TLHPL 
PALE High to PROG Low 
220 
Tosc 


TpHPL 
PROG High to Next PROG Low 
220 
. 


TOSC 


TpHIL 
PROG High to AINC Low 
0 
TOSC 


TILIH 
AINC Pulse Width 
240 
Tosc 


TILVH 
PVER Hold after AINC Low 
50 
Tosc 


TILPL 
AINC Low to PROG Low 
170 
TOSC 


TpHVL 
PROG High to PVER Valid 
220 
Tosc 


NOTE: 
1. This specification is for the Word Dump Mode. For programming pulses, use the Modified Quick Pulse Algorithm. 


Symbol 


Ipp 


Parameter 


Vpp Supply Current (When Programming) 


NOTE: 
Do not apply 
Vpp until Vcc 
is stable 
and within 
specifications 
and the oscillator/clock 
has stabilized 
or the device 
may be 
damaged. 


NOTE: 
P3.0 must be high ("1") 


•• 


NOTE: 
P3.0 must be low ("0") 


SLAVE 
PROGRAMMING 
MODE TIMING 
IN DATA 
PROGRAM 
WITH 
REPEATED 
PROG PULSE AND AUTO 
INCREMENT 


ADDR 
ADDR 
ADDR + 2 


----- 
•••( 
ADDR/COIU04AND >---< 
DATA 
)_-- 
••••~ 
DATA >- 


87C196MD 
DESIGN 
CONSIDERATIONS 


When an indirect shift during divide occurs the upper 
3 bits of the shift count are not masked 
completely. 
If the shift count register 
has the value 32 • n where 
n = 1, 3, 5 or 7, the operand 
will be shifted 32 times. 
This should 
have resulted 
in no shift taking place. 


8XC196MC 
to 8XC196MD 
Design 
Considerations 


8XC196MC 
and 
8XC196MD 
are 
pin 
compatible. 
However, 
there were several pins that were not con- 
nected 
(NC) on the 8XC196MC 
that are I/O pins on 


the 8XC196MD. 
Port 7 is a bidirectional 
port added 
to the 8XC196MD. 
Port 1 has one additional 
analog 
or digital 
input that 
was connected 
to VSS on the 
8XC196MC. 
Port 1 also has two additional 
digital in- 


puts. 
See 8XC196MC 
and 
8XC196MD 
Differences 
Section 
of this data sheet. 


This is the initial data sheet (272323-001). 
It is valid 
for devices 
with 
a "8" 
at the 
end 
of the 
topside 
tracking 
number. 
Data sheets 
are changed 
as new 
device 
information 
becomes 
available. 
Verify 
with 
your local Intel sales office that you have the latest 
version 
before 
finalizing 
a design 
or ordering 
devic- 
es. 
a 


MCS® 51 and MCS® 96 
1"2 
Microcontroller Packaging 
Information 


• 


intel. 


MCS®-51 and MCS®-96 
Packaging Information 


I0'." Nomb" 
272118-001 
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CONTENTS 
PAGE 


Product Identification 
Codes 
12-3 


40-Lead 
Plastic DIP 
~ 
12-4 


40-Lead Cerdip 
12-5 


44-Lead OFP 
12-6 


48-Lead 
Plastic DIP 
12-7 


48-Lead Ceramic DiP 
12-8 


64-Lead 
Plastic Shrink DIP 
12-9 


68-Lead 
LCC 
· 
12-10 


68-Lead 
PGA 
12-11 


80-Lead OFP 
12-12 


1DO-Lead POFP 
12-13 


44/52/68/84-Lead 
PLCC 
12-14 


T 
Package Type 


A 
Ceramic 
Pin Grid Array 
C 
Ceramic 
Dual In-Line 
Package 
o 
Cerdip 
Dual In-Line 
Package 
KU 
Plastic 
Quad Flatpack 
Package, 
Fine Pitch, 
Die Up 
N 
Plastic 
Leaded Chip Carrier 
P 
Plastic 
Dual In-Line 
Package 
R 
Ceramic 
Leodless Chip Carrier 
S 
Quad F1atpack 
Package 
U 
Plastic 
Dual In-Lin. 
Package 
(Shrink) 


Indicates 
extended 
operating 
temperature 
range 
(-40°C 
to +850C) 
express 
product 
with 
160 * 8 hrs. 
dynamic 
burn-in. 


Q 
Indicates 
commercial 
temperature 
range 
(OOC to 70°C) 
expr.ss 
product 
with 
160 * 8 hrs. 
dynamic 
burn-In 
T 
Indicat.s 
extended 
temperature 
range 
(-40°C 
to +850C) 
express 
product 
without 
burn-in. 


EXAMPLES: 
N80C196KR 
LN87C54 
PLCC, 16 MHz, Commercial 
Temperature 
Range 
PLCC, 12 MHz, Extended 
Temperature 
Range 
(Express) 
II 


-Don 
E 
PIN *, 


INDICATOR 
U 
AREA 


" 
D 
'1-1 
ww~ 


Family: Plastic Dual In-Line Package 


Symbol 
Millimeters 
Approx' 
Inches Approx' 


A 
5 
0.2 


0 
53 
2.1 


E 
16 
0.6 


e1 
2.5 
0.10 


L 
3 
0.1 


Dun 
' 
, 
: 
\ 
E 
PIN /I' 
\,' 


IN~~~OR 
'- 
U 


Family: Cerdlp Dual In-Line Package 


Symbol 
MIllimeters 
Approx· 
Inches Approx· 


A 
5.8 
0.2 


D 
53 
2.1 


E 
16 
0.6 


e1 
2.5 
0.10 


L 
3 
0.1 • 


44-LI:.AU "lUAU rLA I"'''''''''' "''''''''''''''UI:.\ I ''''1:. ~J 
VARIATION: 
SQUARE 


Family: Quad Flatpack 
Package 


Symbol 
Millimeters 
Approx' 


A 
3 


D 
13 


E 
13 


81 
0.8 


intel~ 


Don 


PIN iI' 
E 
INDICATOR 
U 
AREA 


Family: Plastic Dual In-Line Package 


Symbol 
MIllimeters 
Approx· 
Inches Approx· 


A 
5 
0.2 


0 
62 
2.5 


E 
16 
0.6 


81 
2.5 
0.1 


L 
3 
0.1 • 


intel~ 


ID[I] 


1f 
" 
I 
I 
:: 
E 
. 
" 
PIN 1/' 
, 
- 
INDICATOR 
~ 
AREA 


Family: Ceramic 
Side Braze Dual In-Line 


Symbol 
Millimeters 
Approx· 
Inches Approx· 


A 
6(1) 
0.2(1) 


A 
7(2) 
0.3(2) 


0 
62 
2.5 


E 
16 
0.6 


81 
2.5 
0.1 


L 
3 
0.1 


NOTES: 
1. Solid 
LID 
2. EPROM 
LID 


• For exact 
dimensions 
consult 
the Packaging 
Handbook 
("'240600). 


PIN #1 
INDICATOR 
AREA 
1 
J 


Family: Plastic Dual In~L1nePackage 


Symbol 
MIllimeters 
Approx' 
Inches Approx' 


A 
6 
0.3 


0 
59 
2.3 


E1 
18 
0.7 


e1 
1.8 
0.07 


L 
3 
0.1 
• 


68-CERAMIC lEADlESS 
CHIP CARRIER (TYPE R) 
VARIATION: B 


Family: Ceramic 
Leadless 
Chip Carrier 


Symbol 
Millimeters 
Approx' 
Inches Approx' 


A 
3 
0.1 


D 
25 
1.0 


E 
25 
1.0 


e 
1.3 
0.05 


L 
1 
0.1 


SEATING 
PLANE 


Family: Ceramic 
Pin Grid Array Package 


Symbol 
Millimeters 
Approx· 
Inches Approx· 


A 
5 
0.2 


0 
30 
1.2 


61 
2.5 
0.1 


L 
2 
0.1 • 


UU-LI:AU 
"lUAU 
"LA I t'A\,;1\. t'A\';I\.A\:i1: 
\ I yt'1: ~J 
VARIATION: 
RECTANGULAR 


1-- 
-0 


Family: 
Quad Flatpack 
Package 


Symbol 
MIllimeters 
Approx' 


A 
3 


D 
25 


E 
19 


81 
0.8 


Family: Plastic Quad Flatpack 
(0.025 Inch (0.635mm) 
Pitch) 


Symbol 
Description 
Inches Approx· 
MIllimeters 
Approx· 


A 
Package 
Height 
0.2 
5 


D,E 
Terminal 
Dimension 
0.9 
23 
II 


intel~ 


Family: Plastic Leaded 
Chip Carrier-Square 


Symbol 
44-Lead 


MIllimeters 
Approx' 
Inches Approx' 


A 
5 
0.2 


0 
18 
0.7 


E 
18 
0.7 


Family: Plastic Leaded 
Chip Carrier-Square 


Symbol 
Millimeters 
Approx' 
Inches Approx' 


58·Lead 
52-Lead 
84-Lead 
58-Lead 
52-Lead 
84·Lead 


A 
5 
5 
5 
0.2 
0.2 
0.2 
0 
26 
21 
31 
1.0 
0.8 
1.2 


E 
26 
21 
31 
1.0 
0.8 
1.2 


